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Description
BACKGROUND OF THE INVENTION

[0001] Human pluripotent stem cells have the potential to treat diseases affecting almost every organ system. However,
the clinical use of human pluripotent stem cells and their derivatives has a major limitation - rejection of transplanted
cells by the recipient due to differences in the major histocompatibility complex.

[0002] The major histocompatibility complex (MHC) is a cell surface multi-component molecule found in all vertebrates
that mediates interactions of leukocytes with other leukocytes or other cells. The MHC gene family is divided into three
groups: class |, class Il and class Ill. In humans, MHC is referred to as human leukocyte antigen (HLA). The HLA class
I (HLA-I) protein is expressed on all nucleated cells and consists of an HLA class | heavy chain (or a chain) and -2
microglobulin (B2M). HLA class | protein presents peptides on the cell surface to CD8+ cytotoxic T cells. Six HLA class
| o chains have been identified to date, including three classical (HLA-A, HLA-B and HLA-C) and three non-classical
(HLA-E, HLA-F and HLA-G) o chains. The specificity for peptide binding on the HLA class | molecule peptide binding
cleft is determined by the a chain. Recognition by CD8+ T cells of the peptides presented by the HLA class | molecule
mediates cellular immunity.

[0003] The HLA class | protein itself from an allogeneic source constitutes a foreign antigen in the context of trans-
plantation. The recognition of non-self HLA class | protein is a major hurdle in using pluripotent cells for transplantation
or replacement therapies. The first two clinical trials of human embryonic stem cells (ESCs) have been conducted that
delivered ESCs to immune-privileged sites (such as spinal cord and eye) where allogeneic cells might survive. However,
even these immune-privileged sites can eventually reject allogeneic cells, and most potential clinical applications do not
involve immune-privileged sites. Alternatively, HLA-matched or partially matched cells from HLA-typed stem cell banks
or pluripotent stem cell (iPSC) lines derived from each patient can be developed for transplantation. However, the
development of individually matched cell line requires significant costs, months of cell culture, highly trained personnel,
and extensive validation of the final product, all of which must be done with the approval of regulatory agencies. Fur-
thermore, each cell line will likely behave somewhat differently in gene expression patterns, culture characteristics,
differentiation potentials, and genetic variations.

[0004] Thus, although individualized stem cell preparations or HLA-diverse stem cell banks may address the current
problem of transplantation, they require that multiple cell lines be characterized, differentiated into therapeutic cell prod-
ucts, and approved for human administration. This time-consuming, technically difficult, and expensive process is a
major factor preventing stem cell-based therapies from entering clinical trials. Thus, there exists a need for a more
effective and less expensive cell-based therapies that are not impeded by rejection.

[0005] US 6,514,752 B1 describes the inactivation of genes associated with MHC antigens resulting in reducing or
eliminating the expression of functional MHC class | antigens. WO 92/09688 A1 describes mutant heterologous non-
human mammals (mice) having a disruption f2-m gene and also relates to MHC class | deficient cells.

SUMMARY OF THE INVENTION

[0006] In accordance with the present invention, in one aspect the invention provides an isolated cell comprising a
genetically engineered disruption in a beta-2 microglobulin (B2M) gene, wherein the cell is a primate cell, wherein the
cell further comprises one or more recombinant immunomodulatory genes, each capable of expressing an immunomod-
ulatory polypeptide in the cell, wherein the one or more immunomodulatory genes comprise a polynucleotide capable
of encoding a single chain fusion human leukocyte antigen (HLA) class | protein comprising at least a portion of the B2M
protein covalently linked, either directly or via a linker sequence, to at least a portion of an HLA-I o chain, wherein the
single chain fusion human HLA class | protein is capable of normal HLA class | function with respect to forming proper
secondary structure of single chain fusion heterodimers on the cell surface, presenting peptides in the HLA | peptide
binding cleft, and engaging the inhibitory receptors on the surface of NK cells. In certain particular embodiments, the
cell comprises genetically engineered disruptions of all copies of the B2M gene. In a particular embodiment, the invention
provides an isolated cell comprising a genetically engineered disruption in a beta-2 microglobulin (B2M) gene, wherein
the cell is a primate cell, wherein the cell further comprises one or more recombinant immunomodulatory genes, each
capable of expressing an immunomodulatory polypeptide in the cell, wherein the one or more immunomodulatory genes
comprise a polynucleotide capable of encoding a single chain fusion human leukocyte antigen (HLA) class | protein
comprising at least a portion of the B2M protein covalently linked, either directly or via a linker sequence, to at least a
portion of an HLA-I o chain, wherein the single chain fusion human HLA class | protein is capable of normal HLA class
| function with respect to forming proper secondary structure of single chain fusion heterodimers on the cell surface,
presenting peptides in the HLA | peptide binding cleft, and engaging the inhibitory receptors on the surface of NK cells.
[0007] In certain other embodiments, the cell further comprises one or more recombinant immunomodulatory genes.
Suitable immunomodulatory genes include without limitation a gene encoding a viral protein that inhibits antigen pres-
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entation, a microRNA gene, and a gene that encodes a single chain (SC) fusion human leukocyte antigen (HLA) class
| protein as described below. In certain preferred embodiments, the primate cell is a human cell.

[0008] Incertain preferred embodiments, the one or more immunomodulatory genes comprise a polynucleotide capable
of encoding a single chain fusion HLA class | protein. In certain particular embodiments, the single chain fusion HLA
class | protein comprises at least a portion of B2M covalently linked to at least a portion of an HLA class | o chain selected
from the group consisting of HLA-A, HLA-B, HLA-C, HLA-E, HLA-F and HLA-G. In certain preferred embodiments, the
single chain fusion HLA class | protein comprises at least a portion of B2M and at least a portion of an HLA class | o
chain selected from the group consisting of HLA-C, HLA-E and HLA-G. In certain other preferred embodiments, the
single chain fusion HLA class | protein comprises at least a portion of B2M and at least a portion of an HLA class | o
chain selected from the group consisting of HLA-A, HLA-E and HLA-G. In certain particular embodiments, the single
chain fusion HLA class | protein comprises at least a portion of B2M and at least a portion of HLA-A0201 (e.g., SEQ ID
NO:16). In certain other particular embodiments, the single chain fusion HLA class | protein comprises at least a portion
of B2M and at least a portion of HLA-E (e.g., SEQ ID NOs:18 and 20).

[0009] In yet other particular embodiments, the cell has a normal karyotype. In certain other particular embodiments,
the cell is a non-transformed cell. In particular, the cell can be a stem cell selected from the group consisting of a
hematopoietic stem cell, an induced pluripotent stem cell, a liver stem cell, a neural stem cell, a pancreatic stem cell
and a mesenchymal stem cell. Furthermore, an embryonic stem cell is disclosed without being claimed. In certain further
embodiments, the cell further comprises one or more recombinant genes capable of encoding a suicide gene product.
In certain particular embodiments, the suicide gene product comprises a protein selected from the group consisting of
thymidine kinase and an apoptotic signaling protein.

[0010] In certain preferred embodiments, the stem cell is a pluripotent stem cell that expresses a single chain fusion
HLA class | protein comprising at least a portion of B2M and at least a portion of an HLA class | o chain selected from
the group consisting of HLA-A, HLA-B, HLA-C, HLA-E, HLA-F and HLA-G. In certain particular embodiments, the single
chain fusion HLA class | protein comprises at least a portion of B2M and at least a portion of HLA-A0201.

[0011] In certain other particular embodiments, the stem cell is a differentiated cell. In certain embodiments, the
differentiated cell is selected from the group consisting of a dendritic cell, a pancreatic islet cell, a liver cell, a muscle
cell, a keratinocyte, a neuronal cell, a hematopoietic cell, a lymphocyte, a red blood cell, a platelet, a skeletal muscle
cell, an ocular cell, a mesenchymal cell, a fibroblast, a lung cell, a Gl tract cell, a vascular cell, en endocrine cell, an
adipocyte and a cardiomyocyte. In certain preferred embodiments, the differentiated cell is a human cell expressing a
single chain fusion HLA class | protein comprising at least a portion of B2M and at least a portion of an HLA class | o
chain selected from the group consisting of HLA-A, HLA-B, HLA-C, HLA-E, HLA-F and HLA-G. In certain particular
embodiments, the single chain fusion HLA class | protein comprises at least a portion of B2M and at least a portion of
HLA-A0201.

[0012] In certain other embodiments, the cell further expresses a target peptide antigen that is presented by the single
chain fusion HLA class | protein on the cell surface. In certain particular embodiments, the target peptide antigen is
covalently linked to the single chain fusion HLA class | protein. In certain preferred embodiments, the target peptide
antigen is derived from a protein of a pathogen or a cancer cell. Thus, in a related aspect, the invention provides a
vaccine comprising the B2M-/- cells of the invention, wherein the vaccine is capable of eliciting in a primate an immune
response specific for the target peptide antigen. In certain particular embodiments, the vaccine comprises a cell of the
invention that is a differentiated dendritic cell. In certain other embodiments, the cell is a human cell of the invention,
wherein the cell expresses a cytokine that further enhances the immune response. In certain preferred embodiments,
the cytokine is IL2. In certain other preferred embodiments, the cytokine is IFN-y. In certain embodiments, the immune
response comprises a humoral immune response; while in other embodiments, the immune response comprises a
cellular immune response. In a further related aspect, the invention provides a kit comprising a vaccine that comprises
the isolated cells of the invention and an immune adjuvant. In certain embodiments, the cell is a human cell.

[0013] Furthermore, a method of transplantation in a patient in need thereof is disclosed comprising the step of ad-
ministering to the patient an effective amount of the disclosed isolated cell. In yet another aspect, the invention provides
an inventive cell for use in transplantation in a patient in need thereof, whereby the cell is administered to the patient in
an effective amount, wherein

a. the cell is a differentiated cell;
b. the patient is human and the cell is a human cell; and/or
c. the cell further expresses a single chain fusion HLA class | protein.

In certain dislosed embodiments, the patient is immune competent. In certain particular embodiments, the patient is a
primate and preferably a human. In certain preferred embodiments, the patient is a human and the cell is a human cell.
In further embodiments the cell is a stem cell or a differentiated cell, optionally expressing a single chain fusion HLA
class | protein.
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[0014] Furthermore a method of treating a disease condition in a patient in need thereof is disclosed comprising the
step of administering to the patient an effective amount of the disclosed B2M-/- cells, wherein the disease condition
includes without limitation an endocrine disorder, diabetes, an autoimmune disease, cancer, infection, anemia, a platelet
disorder, immunodeficiency, cytopenia, myocardial infarction, heart failure, liver failure, skeletal or joint condition, a
neurological condition, stroke, paralysis, blindness or another visual disorder, muscular dystrophy, osteogenesis imper-
fecta, pulmonary disease, skin condition, or burns. In yet another aspect, the invention provides an inventive cell for use
in treating a disease condition in a patient in need thereof, whereby the cell is administered to the patient in an effective
amount, and wherein the disease condition is diabetes, an autoimmune disease, cancer, infection, anemia, cytopenia,
myocardial infarction, heart failure, skeletal or joint condition, osteogenesis imperfecta or bums. Preferably,

a. the cell is a differentiated cell;

b. the patient is a human and the cell is a human cell;

c. the disease condition is diabetes and the cell is a pancreatic islet cell; and/or
d. the cell further expresses a single chain fusion HLA class | protein.

In certain embodiments, the patient is immune competent. In certain particular embodiments, the patient is a primate
and preferably a human. In certain preferred embodiments, the patientis a human and the cell is a human cell. In further
embodiments the cell is a stem cell or a differentiated cell, optionally expressing a single chain fusion HLA class | protein.
In certain particular embodiments, the disease condition is diabetes and the cell is a differentiated pancreatic islet cell.
In further embodiments the differentiated pancreatic islet cell expresses a single chain fusion HLA class | protein.
[0015] In another aspect, the invention provides a kit comprising the isolated primate cells, preferably human cells, of
the invention. In certain embodiments, the kit is for use in transplantation or for use in treating a disease condition. In
certain other embodiments, the kit comprises an implant comprising the isolated primate cells, preferably human cells,
of the invention.

[0016] Specific embodiments of the present invention will become evident from the following more detailed description
of certain preferred embodiments and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

Figure 1. Creation of B2M-/- ESCs. Figure 1A is an illustration of the AAV B2M targeting vectors with exons shown
inlarge boxes. Figure 1B presents Southern blots showing the results of gene targeting and Cre-mediated transgene
excision (Cre-out). Figure 1C presents results of flow cytometry showing a lack of HLA class | expression after gene
targeting (with isotype controls).

Figure 2. Tissue sections of teratoma developed from B2M-/- Cre-out human ESCs transplanted in immune-deficient
mice. The sections were stained with DAPI, hematoxylin and eosin, or lineage-specific markers MAP-2 (microtubule
associated protein-2) for ectoderm, a-SAM (a-smooth muscle actin) for mesoderm or FoxA2 (forkhead box protein
A2) for endoderm. Scale bar = 100 microns.

Figure 3. Single chain fusion HLA class | constructs. Figure 3A shows the foamy viral vector design for expressing
single chain fusion HLA class | proteins. Figure 3B illustrates the linear protein structure of single chain fusion HLA
class | proteins. Sequences for exemplary single chain fusion HLA class | proteins are provided for HLA-bGBE (SEQ
ID NOs:19 and 20, DNA and protein sequences, respectively), HLA-gBE (SEQ ID NOs: 17 and 18) and HLA-bBA0201
(SEQID NOs:15and 16). Figure 3C presents results of flow cytometry showing single chain fusion HLA-E expression
in B2M-/- ESCs (isotype controls). Figure 3D presents results of flow cytometry showing single chain fusion HLA-
A0201 expression in B2M-/- ESCs (isotype controls).

Figure 4 outlines the experimental design for each differentiated cell type.
Figure 5 shows differentiation of keratinocytes from B2M-/- ESCs.
DETAILED DESCRIPTION OF THE INVENTION
[0018] Within this application, unless otherwise stated, the techniques utilized may be found in any of several well-

known references such as: Molecular Cloning: A Laboratory Manual (Sambrook, et al., 1989, Cold Spring Harbor Lab-
oratory Press) and PCR Protocols: A Guide to Methods and Applications (Innis, et al. 1990. Academic Press, San Diego,
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CA).

[0019] As used herein, the singular forms "a", "an" and "the" include plural referents unless the context clearly dictates
otherwise. For example, reference to "an isolated cell" means one or more isolated cells.

[0020] All embodiments disclosed herein can be combined unless the context clearly dictates otherwise.

[0021] In one aspect, the invention provides B2M deficient cells. In particular, the invention provides isolated primate
cells, preferably human cells, comprising a genetically engineered disruption in a B2M gene. In certain preferred em-
bodiments, the cell is a human cell comprising a genetically engineered disruption in the B2M gene. In a related aspect,
the cell comprises genetically engineered disruptions of all copies of the B2M gene. In certain embodiments, the genetic
disruptions in the B2M gene result in defective or no expression of the B2M protein. Since B2M is a common component
of all HLA class | proteins, the disruptions preclude the expression of all natural HLA class | proteins on the cell surface.
The B2M coding sequence is shown in SEQ ID NO:1 (GenBank Accession Number NM_004048) and the B2M protein
sequence is shown in SEQ ID NO:2. There may be many single nucleotide polymorphisms (SNPs) in the gene; as will
be understood by those of skill in the art, the human cells and methods of the invention are applicable to any such B2M
gene and SNPs.

[0022] The cells of these embodiments of the invention can be used, for example, as donor cells for transplantation
in a recipient in need thereof. B2M deficient cells encompass cells that comprise a B2M-/- genetic background (referred
to as B2M-/- cells). The term "B2M-/- cells" refers to primate cells, preferably human cells, that comprise genetically
engineered disruptions in all copies of the B2M gene. The B2M-/- cells can serve as "universal donor cells" in that they
are immunologically compatible to all or a significant percentage of recipients in a population. As used herein, a recipient
or patient refers to a primate, and preferably a human. In certain particular embodiments, the cell is a human cell and
the patient is a human.

[0023] The cells of the invention can be engineered to disrupt the B2M gene such that no functional endogenous B2M
protein is produced from the disrupted genetic loci. In certain embodiments, the disruption results in expression of non-
functional B2M proteins, including but not limited to truncations, deletions, point mutations and insertions. In other
embodiments, the disruption results in no protein expression from the B2M gene.

[0024] Cells deficient in B2M expression are unable to express HLA class | proteins on the cell surface. HLA class I-
deficiency provides further benefits; for example, cells without HLA class | expression cannot present auto-antigens that
would otherwise prevent successful cell therapies for autoimmune diseases such as diabetes and rheumatoid arthritis.
Similarly, therapeutic gene products introduced by the inventive cell therapies (e.g., dystrophin) that are missing in
patients with certain genetic diseases (e.g., muscular dystrophy) will not be presented and recognized by the immune
system as neo-antigens in replacement therapies.

[0025] Any suitable technique for disrupting one, two or all copies of the B2M gene can be used; exemplary techniques
are disclosed throughout the application and are within the level of skill in the art based on the teachings herein and the
teachings known in the art. Exemplary other techniques can be found, for example, in U.S. Patent Application Publication
Number US2008/0219956, published September 11, 2008. These techniques may optionally include steps to remove
non-human DNA sequences from the cells after B2M gene disruption.

[0026] Anexemplary embodiment of this method is as disclosed throughout the application, using an adeno-associated
virus gene targeting vector, optionally including removing the transgene used for targeting via techniques such as those
described below, or by removing the transgene used for targeting by Cre-mediated loxP recombination, or other suitable
recombination techniques. See Khan etal. 2011, Protocol, 6:482-501. Exemplary targeting vectors and exemplary vector
diagrams are also disclosed herein. It is within the level of those of skill in the art, based on the teachings herein and
known in the art, to utilize a variety of techniques for making the B2M-/- cells, preferably human cells, of the invention.
[0027] In certain embodiments, the cell genome of the B2M-/- cells may comprise no more than 100, no more than
50 or no more than 30 nucleotides of non-human DNA sequences. In certain other embodiments, the cell genome may
comprise 6, 5, 4, 3, 2, 1, or 0 nucleotides of non-human DNA sequences. An exemplary technique for removing any
non-human DNA introduced in disrupting the B2M gene is provided in Figure 1A. The non-human DNA sequences can
be removed by a second round of targeting to delete the HyTK or TKNeo transgenes in the first vectors or by the Cre-
mediated loxP recombination.

[0028] In other embodiments, the cells instead can be engineered to recombinantly express a single chain fusion HLA
class | protein in a B2M-/- genetic background. Thus, the B2M-/- cells as used herein also encompass primate, preferably
human, cells that express one or more single chain fusion HLA class | proteins in a B2M-/- genetic background. The
B2M:-/- cells recombinantly expressing a single chain fusion HLA class | protein are nevertheless deficient in normal
B2M function in that the cells do not express wild type B2M protein that form a non-covalently associated heterodimer
with any HLA class | a chain on the cell surface.

[0029] . The term "single chain fusion HLA class | protein," "single chain fusion HLA class | molecule" or "single chain
fusion HLA class | antigen" refers to a fusion protein comprising at least a portion of the B2M protein covalently linked,
either directly or via a linker sequence, to at least a portion of an HLA-I a. chain. On the other hand, the term "HLA class
| protein," "HLA class | molecule" or "HLA class | antigen" refers to a non-covalently associated heterodimer of B2M and
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an HLA o chain expressed on the surface of a wild type cell.

[0030] As used herein, the term "HLA class | o chain" or "HLA-I heavy chain" refers to the o chain of the HLA class |
heterodimer. HLA class | heavy chain includes without limitation HLA class | o chains HLA-A, HLA-B, HLA-C, HLA-E,
HLA-F, and HLA-G. Representative DNA and protein sequences are provided for HLA-A (GenBank No. K02883.1, SEQ
ID NO:3; UniProt No. P01892, SEQ ID NO:4), HLA-B (NM_005514, SEQ ID NO:5; NP_005505; SEQ ID NO:6), HLA-C
(NM_002117, SEQ ID NO:7; NP_002108, SEQ ID NO:8), HLA-E (NM_005516, SEQ ID NO:9; NP_005507, SEQ ID
NO:10), HLA-F (NM_018950, SEQ ID NO:11; NP_061823, SEQ ID NO:12), and HLA-G (NM_002127, SEQ ID NO:13;
NP_002118, SEQ ID NO: 14).

[0031] Inaddition, although the term "HLA class | protein/molecule” is known to refer to the MHC class | protein/molecule
in human, the terms HLA and MHC are sometimes used interchangeably throughout this application: for example, the
term HLA class | protein can also be used to refer to the primate equivalent to the HLA class | protein in a primate. One
of skill in the art will be able to discern the meaning of the term based on the content.

[0032] The term B2M-/- cells as used herein also encompasses cells having genetically engineered disruptions in all
copies of the B2M gene, wherein one B2M allele is genetically engineered to express, instead of the wild type B2M
protein, a single chain fusion HLA class | protein (i.e., genetically targeted knockin in one B2M allele). B2M-/- cells with
such genetic background express B2M only in the context of the single chain fusion HLA class | protein from a B2M
genetic locus. In certain advantageous embodiments, the expression of the single chain fusion HLA class | protein is
regulated by the endogenous B2M regulatory sequence located at the B2M locus.

[0033] Inrelated embodiments, B2M-/- cells further encompass cells having genetically engineered disruptions in all
copies of the B2M gene, wherein all B2M alleles are genetically engineered to express, instead of the wild type B2M
protein, single chain fusion HLA class | proteins (i.e., genetically targeted knockin in all B2M alleles). B2M-/- cells with
such genetic disruptions express B2M only in the context of single chain fusion HLA class | proteins from the genetic
loci of all the alleles of the B2M gene. In certain embodiments, the cells are genetically engineered to express the same
type of single chain fusion HLA class | protein from the genetic loci of all alleles of the B2M gene; while in other embod-
iments, the cells are genetically engineered to express different types of single chain fusion HLA class | proteins from
different genetic loci of different alleles of the B2M gene.

[0034] Throughout the application, the "cells of the invention," "isolated cells of the invention," "B2M-/- cells," "B2M-/-
cells of the invention" or "stem cells or differentiated cells of the invention" sometimes can be used interchangeably to
encompass all the B2M-/- cells described herein. In certain particular embodiments, the B2M-/-cells of the invention
express a single chain fusion HLA class | protein as defined herein, in a B2M-/- background. The B2M-/-cells can be
genetically engineered to express a single chain HLA class | protein either from the B2M locus or from other location of
the genome. In certain particular embodiments, the cells of the invention comprise genetically engineered disruptions
in all alleles of the B2M gene that preclude the expression of wild type B2M protein, and nevertheless express a single
chain fusion HLA class | protein from a B2M genetic locus. In certain other particular embodiments, the cells of the
invention comprise genetically engineered disruptions in all alleles of the B2M gene that preclude the expression of wild
type B2M protein, and nevertheless express single chain fusion HLA class | proteins from all B2M genetic loci. The term
"gene," "allele," and "genetic locus" may be used interchangeably throughout the application.

[0035] The "isolated cell" can be any suitable cell type for a given purpose. For example, the cell can be a pluripotent
stem cell or a differentiated cell. "A stem cell" broadly encompasses any cells that are capable of further differentiation.
"A pluripotent stem cell" refers to a stem cell that has the potential to differentiate into any of the three germ layers:
endoderm, mesoderm or ectoderm. "An adult stem cell," on the other hand, is multipotent in that it can produce only a
limited number of cell types.. "Induced pluripotent stem cells (iPS cells)" are pluripotent stem cell artificially derived from
a non-pluripotent cell, typically an adult somatic cell, by artificially inducing expression of certain genes.

[0036] In certain embodiments, the single chain fusion HLA class | protein comprises at least a portion of B2M and at
least a portion of HLA-A, HLA-B, HLA-C, HLA-E, HLA-F or HLA-G (also referred to as a dimeric construct). In certain
preferred embodiments, the HLA o chain contained in the single chain fusion HLA class | protein does not contain the
leader sequence (or signal sequence) of the HLA class | a. chain (leaderless HLA o chain). In certain other embodiments,
the single chain fusion HLA class | protein comprises at least a portion of B2M and at least a portion of HLA-C, HLA-E
or HLA-G. In certain further embodiments, the single chain fusion HLA class | protein comprises at least a portion of
B2M and at least a portion of HLA-A, HLA-E or HLA-G. In certain preferred embodiments, the single chain fusion HLA
class | protein comprises a leader sequence (or signal peptide) covalently linked to the at least a portion of B2M and at
least a portion of an HLA o chain to ensure proper folding of the single chain fusion on the cell surface. The leader
sequence can be the leader sequence of the B2M protein, the leader sequence of an HLA o chain protein or the leader
sequence of other secretary proteins. In certain particular embodiments, the single chain fusion HLA class | protein
comprises a B2M protein with its leader sequence removed. In certain other particular embodiments, the single chain
fusion HLA class | protein comprises an HLA o chain protein with its leader sequence removed. Certain HLA class | o
chains are highly polymorphic. As will be understood by those of skill in the art, the human cells and methods of the
invention are applicable to any such HLA o chains and polymorphism thereof.
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[0037] Single chain fusion HLA class | proteins comprising sequence variants and fragments of B2M and/or HLA o
chains are contemplated by the instant invention, wherein such single chain fusion constructs nevertheless possess
normal HLA class | functions, e.g., forming proper secondary structure of the heterodimer on the cell surface, presenting
peptides in the peptide binding cleft and engaging the inhibitory receptors on the surface of NK cells. In certain embod-
iments, the variants share at least 75%, 80%, 81%, 85%, 88%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or complete sequence homology with the naturally occurring HLA heavy chains and B2M sequences, wherein the variants
possess normal HLA class | functions. In certain other embodiments, the variants share at least 75%, 80%, 81%, 85%,
88%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or complete sequence homology with the sequences of
B2M or HLA heavy chains as shown in SEQ ID NOs:2, 4, 6, 8, 10, 12 or 14.

[0038] In certain particular embodiments, the HLA-A variants share at least 85%, 88,%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97 %, 98%, 99%, or complete sequence homology with SEQ ID NO:4. In certain other particular embodiments,
the HLA-B variants share at least 81 %, 83%, 85%, 88,%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%, 99%, or
complete sequence homology with SEQ ID NO:6. In certain further embodiments, the HLA-C variants share at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or complete sequence homology with SEQ ID NO:8. In yet
other embodiments, the HLA-E variants share at least 97%, 98%, 99%, or complete sequence homology with SEQ ID
NO:10. In certain particular embodiments, the HLA-F variants share at least 99%, or complete sequence homology with
SEQ ID NO:12. In certain other embodiments, the HLA-G variants share at least 98%, 99%, or complete sequence
homology with SEQ ID NO:14.

[0039] In certain other embodiments, the single chain fusion HLA class | protein comprises a full length B2M (including
its leader sequence) and an HLA o chain without the leader sequence (leaderless HLA o chain); while in certain other
embodiments, the single chain fusion HLA class | protein comprises a B2M protein without the leader sequence. It is
understood that B2M-/-cells expressing two, three or more different types of single chain fusion HLA class | protein in
any combination, for example, expressing SC fusion comprising HLA-A (or a leaderless HLA-A) and SC fusion comprising
HLA-C (or a leaderless HLA-C), expressing SC fusion comprising HLA-A (or a leaderless HLA-A) and SC fusion com-
prising HLA-E (or a leaderless HLA-E), or expressing SC fusion comprising HLA-B (or a leaderless HLA-B), SC fusion
comprising HLA-E (or a leaderless HLA-E) and SC fusion comprising HLA-G (or a leaderless HLA-G), etc., are all
contemplated by the invention.

[0040] Natural killer (NK) cells are part of the innate immune response. Several pathogens can down regulate HLA
class | protein expression in infected cells. The NK cells monitor infection by recognizing and inducing apoptosis in cells
that do not express HLA class | proteins. The inhibitory receptors on the NK cell surface recognize HLA class | a chain
alleles thereby preventing NK-medicated apoptosis in uninfected normal cells. Thus, in certain particular embodiments,
the single chain fusion HLA-I protein inhibits NK cell-mediated killing of cells that do not express endogenous HLA class
| proteins by binding to the inhibitory receptors on the NK cells. For example, HLA-E is a ligand for the CD94/NKG2
receptor of NK cells that inhibits NK cell-mediated apoptosis. Thus, in certain particular embodiments, the B2M-/- cell
expresses the single chain fusion HLA class | protein comprising at least a portion of B2M and at least a portion of HLA-
E. In addition, HLA-G is normally expressed on the surface of placental cytotrophoblasts that do not express HLA-A, B
or C, and it protects these cells from NK cell-mediated lysis by interacting with the inhibitory ILT2(LIR1) receptor on NK
cells (Pazmany et al., 1996, Science 274, 792-795). Thus, in certain other preferred embodiments, the B2M-/- cell
expresses the single chain fusion HLA class | protein comprising at least a portion of B2M and at least a portion of HLA-G.
[0041] In certain particular embodiments, the single chain fusion HLA class | protein comprises at least a portion of
B2M and at least a portion of HLA-A0201, an allele of HLA-A. HLA-A0201 (SEQ ID NO:4) is a common HLA class |
allele found in a large percentage of the population in the United States. Thus, in certain advantageous embodiments,
the isolated cell expresses the single chain fusion HLA class | protein comprising at least a portion of B2M and at least
a portion of HLA-A0201 in a B2M-/- genetic background, wherein the isolated cell is immune compatible with a large
percentage of the human population in the United States. Other suitable common alleles that can be used include without
limitation HLA-A0101, HLA-A0301, HLA-B0702, HLA-B0801, HLA-C0401, HLA-C0701, and HLA-C0702. In certain pre-
ferred embodiments, the HLA allele comprises at least a portion of HLA-A0201 (SEQ ID NO:4), HLA-B0702 (SEQ ID
NO:6) or HLA-C0401 (SEQ ID NO:8).

[0042] In certain further embodiments, the single chain fusion HLA class | protein also comprises a specific peptide
antigen that occupies the peptide binding cleft of the single chain fusion HLA class | protein, wherein the peptide antigen
is covalently linked to the single chain fusion HLA class | protein (also referred to as a trimeric construct). An example
of the trimeric construct is shown in Figure 3B. The HLA-bGBE construct of Figure 3B comprises B2M and HLA-E
covalently linked to a peptide antigen (such as, but not limited to, the HLA-G peptide antigen as illustrated in the figure)
(SEQ ID NO:23) designed to occupy the peptide binding cleft of the single chain fusion HLA class | protein. In certain
other embodiments, the covalently linked peptide antigen is cleaved via a built in protease cleavage site, and the cleaved
peptide antigen can bind to the peptide binding cleft of the single chain fusion HLA-I protein for presentation. In certain
alternative embodiments, the peptide antigen occupying the peptide binding cleft of the single chain fusion HLA class |
protein is produced by the intracellular antigen processing pathway, in which the peptide antigen is produced by pro-
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teasome, transported to and loaded onto the single chain fusion HLA class | protein in the endoplasmic reticulum. In
certain particular embodiments, the peptide antigen comprises a peptide of a tumor antigen. In certain other embodiments,
the peptide antigen comprises a peptide of a protein from a pathogen including without limitation a bacterium, a virus,
a fungus and a parasite. In further embodiments, the peptide antigen comprises a peptide of a tumor antigen. In certain
particular embodiments, the B2M-/- cell expresses a single chain fusion HLA class | protein that is covalently linked to
a peptide that does not comprise an auto-antigen or neo-antigen to the patient. It is within the ability of a skilled person
to design the single chain fusion HLA class | protein and the peptide antigen presented thereon to modulate the immune
response that may be elicited in a recipient.

[0043] The isolated B2M-/- cell expressing a single chain fusion HLA class | protein comprising a specific peptide
antigen either covalently or non-covalently bound to the single chain fusion HLA class | protein can be used, for example,
for administration to a recipient to elicit an immune response. Accordingly, in a related aspect, the invention provides a
vaccine comprising the isolated cell of the invention, wherein the vaccine is capable of eliciting in a recipient an immune
response specific for the target peptide antigen. The immune response includes without limitation a cellular immune
response and/or a humoral immune response. The vaccine may comprise a stem cell or a differentiated cell; in certain
particular embodiments, the cell is a differentiated dendritic cell. In certain other embodiments, the cell further expresses
a cytokine. Any suitable cytokine can be used; in certain particular embodiments, the cytokine is IL2 or IFN-y. In certain
preferred embodiments, the cell is a human cell and the recipient is a human.

[0044] The single chain fusion HLA class | protein can be expressed from an expression vector that allows either
transient or more preferably, stable expression of the protein in a B2M-/-cell. Exemplary suitable expression vectors are
known in the art. One such example is a retroviral vector, which is capable of integrating into the cellular genome to
provide long-term, stable expression of an exogenous gene. In certain particular embodiments, the viral vector is derived
from human foamy virus, a type of retrovirus. Other suitable viral vectors include without limitation vectors derived from
retrovirus, adenoviral virus, adeno-associated virus, lentivirus, herpes simplex virus, vaccinia virus, and pox virus.
[0045] In certain preferred embodiments, the polynucleotide capable of encoding a single chain fusion HLA class |
protein is integrated into the chromosome of the cells, preferably into the B2M or the HLA loci, for stable expression.
Thus, in certain preferred embodiments, the B2M loci are disrupted by inserting in the B2M loci the polynucleotide
capable of encoding a single chain fusion HLA class | protein to replace the expression of the endogenous wild type
B2M protein. The result of such gene targeting disrupts normal B2M expression and precludes formation of wild type
HLA class | proteins but permits expression of a predetermined single chain fusion HLA class | protein of choice on the
surface of the otherwise B2M deficient cells. Other expression vectors are also contemplated and the selection of suitable
expression vector is within the ability of one ordinary skill in the art.

[0046] According to the vector design, the polynucleotide capable of expressing a single chain fusion HLA class |
protein is delivered to a cell by viral infection (when a viral vector is used) or by other delivery methods including without
limitation transfection, electroporation, gene targeting or liposome-mediated DNA delivery.

[0047] Any immune effects of the single chain fusion HLA class | protein expressing B2M-I-cells can be studied by
various means. For example, B2M-/- cells expressing a SC fusion HLA class | protein can be differentiated into antigen-
presenting dendritic cells (iDCs). Suppression of NK cell-mediated lysis can be measured by chromium release assays
after incubating iDCs with normal human NK cells and NKL cell lines. A variety of controls (untransduced B2M-/- iDCs,
B2M+/+iDCs, the 721.221 class I-negative cell line, and anti-receptor and anti-HLA antibodies) can be used to establish
the specificity of the interactions. Additional characterization can be done with Elispot assays by incubating the cells
with T cells.

[0048] In a related aspect, the invention provides an HLA class I-typed B2M-/- cell bank, wherein the cells of the cell
bank comprise a B2M-/- genetic background and are engineered to express one or more types of single chain fusion
HLA class | proteins in which the HLA o chain is selected from the group consisting of HLA-A, HLA-B, HLA-C, HLA-E,
HLA-F and HLA-G. In certain embodiments, the cell bank comprises a population of cells that expresses a single chain
fusion HLA class | protein in which the HLA o chain comprises HLA-A. In certain other embodiments, the cell bank
comprises a population of cells that expresses a single chain fusion HLA class | protein in which the HLA o chain
comprises HLA-B. In certain further embodiments, the cell bank comprises a population of cells that expresses a single
chain fusion HLA class | protein in which the HLA o chain comprises HLA-C. In yet other embodiments, the cell bank
comprises a population of cells that expresses a single chain fusion HLA class | protein in which the HLA o chain
comprises HLA-E. In certain other embodiments, the cell bank comprises a population of cells that expresses a single
chain fusion HLA class | protein in which the HLA o chain comprises HLA-F. In certain particular embodiments, the cell
bank comprises a population of cells that expresses a single chain fusion HLA class | protein in which the HLA o chain
comprises HLA-G. In certain particular embodiments, the cell bank comprises the above-described one or more or
preferably all populations of cells.

[0049] The cells of the cell bank can be pluripotent stem cells or differentiated cells. In certain particular embodiments,
the cell bank comprises different types of differentiated cells, such as skin cells, pancreatic beta islet cells, etc., that
express the same single chain fusion HLA class | protein. While in other particular embodiments, the cell bank comprises
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different types of differentiated cells, such as skin cells, pancreatic beta islet cells, etc., that each express different single
chain fusion HLA class | proteins. It can be determined by a skilled researcher or clinician to choose suitable donor cells
from the cell bank for a given patient. In certain other embodiments, some of the cells of the cell bank express the HLA
class | allele that matches the HLA class | allele of the patient to whom the cells are administered. In certain preferred
embodiments, the cell is a human cell and the patient is a human. In certain particular embodiments, the cells express
a single chain fusion HLA class | protein comprising B2M and HLA-A0201 that matches the HLA allele of a large portion
of the population in the United States.

[0050] Furthermore, a method of transplantation in a patient in need thereof is disclosed comprising the step of ad-
ministering to the patient an effective amount of the disclosed cells for transplantation. In yet another aspect, the invention
provides an inventive cell for use in transplantation in a patient in need thereof, whereby the cell is administered to the
patient in an effective amount, wherein

a. the cell is a differentiated cell;
b. the patient is human and the cell is a human cell; and/or
c. the cell further expresses a single chain fusion HLA class | protein.

Because the B2M-/- cells do not express wild type HLA class | protein on the cell surface, the cells when administered
to a patient elicit minimal or no immune responses in the patient. Thus, transplantation using the B2M-/- cells limits the
need for taking immune suppressant therapies. Thus, in disclosed preferred embodiments, the patient is immune com-
petent. In certain other embodiments, the cell is an isogeneic cell; while in other embodiments, the cell is an allogeneic cell.
[0051] In certain further embodiments, the cells of the invention are pluripotent stem cells; while in other embodiments,
the cells of the invention are differentiated cells. In certain preferred embodiments, the cell is a human cell and the patient
is a human patient. In certain particular embodiments, the inventive cell for use in transplantation comprises administering
to a human an effective amount of the pluripotent stem cells or differentiated cells. In certain preferred embodiments,
the cells of the invention further express one or more engineered single chain fusion HLA class | proteins. In certain
other embodiments, the cells are able to escape NK cell-mediated killing and elicit minimal or no immune response in
the recipient after transplantation.

[0052] Transplantationtherapy, replacementtherapy or regenerative therapy refers to therapies for a disease condition
by administering to a patient cells or tissues to replenish or replace defective cellular functions in a target organ. In
certain particular embodiments, the need for transplantation arises as a result of physical or pathological injuries to a
tissue or organ. In certain other particular embodiments, the need for transplantation arises as a result of one or more
genetic defect or mutation in the patient and the inventive cell for use in transplantation replenishes or replaces defective
cellular functions in the patient without the need for gene therapy to correct the underlying genetic mutation of the patient.
In certain further embodiments, inventive cell for use in the transplantation includes without limitation hematopoietic
stem cell for use in transplantation, or cells for use in transplantation that are incorporated into an organ such as liver,
kidney, pancreas, lung, brain, muscle, heart, gastrointestinal tract, nervous system, skin, bones, bone marrow, fat,
connective tissue, immune system, or blood vessels. In certain particular embodiments, the target organ is a solid organ.
[0053] In certain particular embodiments, the cells administered to the recipient may or may not be incorporated into
an organ in need of such therapy. In certain embodiments, the cells of the invention for use in transplantation are
differentiated into the desired cell type, either before or after their use in transplantation, and provide the necessary
cellular function without itself being incorporated into the tissue at the site of transplantation. For example, in certain
embodiments for treating diabetes, the cells of the invention for use in transplantation either as pluripotent stem cells or
differentiated pancreatic beta islet cells are used to be transplanted to a diabetic patient. The transplanted cells need
not reconstitute a functioning pancreas: they just need to secrete insulin in response to glucose levels. In certain particular
embodiments, the cells for use in transplantation are transplanted into an ectopic location and are not fully incorporated
into the pancreas. Pluripotent cells of the invention for use in transplantation , differentiated cells of the invention for use
in transplantation, or a tissue differentiated and developed ex vivo from the cells of the invention for use in transplantation
are all contemplated by the invention. In certain preferred embodiments, the cell is a human cell and the patient is a
human patient. In certain other preferred embodiments, the cells of the invention express one or more single chain fusion
HLA class | proteins.

[0054] In a further aspect, the invention provides a cell for use in treating a disease condition in a patient in need
thereof comprising the step of administering to the patient an effective amount of the cell of the invention to treat the
disease condition, wherein the disease condition is diabetes, an autoimmune disease, cancer, infection, anemia, cyto-
penia, myocardial infarction, heartfailure, skeletal or joint condition, osteogenesis imperfecta or bums. In certain particular
embodiments, the disease condition results from pathological or physical injuries to a tissue or organ. In certain embod-
iments, the cells of the invention are stem cells; while in other embodiments, the cells of the invention are differentiated
cells. In certain preferred embodiments, the cell is a human cell and the patient is a human patient. In certain particular
embodiments, the human cell is a differentiated cell. A tissue developed ex vivo from the cells of the invention for use
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in transplantation is also contemplated by the invention. In certain preferred embodiments, the cells of the invention
further express one or more single chain fusion HLA class | proteins. In certain embodiments, the cell is an isogeneic
cell; while in other embodiments, the cell is an allogeneic cell.

[0055] In certain particular embodiments, the cell is a differentiated cell including without limitation a dendritic cell,
lymphocyte, red blood cell, platelet, hematopoietic cell, pancreatic islet cell, liver cell, muscle cell, keratinocyte, cardio-
myocyte, neuronal cell, skeletal muscle cell, ocular cell, mesenchymal cell, fibroblast, lung cell, Gl tract cell, vascular
cell, endocrine cell and adipocyte. In certain other particular embodiments, the invention provides a cell of the invention
for use in treating a disease condition in a solid organ. In certain embodiments, the cells of the invention used in treating
a disease condition express one or more single chain fusion HLA class | proteins.

[0056] "Treating"apatienthaving a disease or disorder means accomplishing one or more of the following: (a) reducing
the severity of the disease; (b) arresting the development of the disease or disorder; (c) inhibiting worsening of the
disease or disorder; (d) limiting or preventing recurrence of the disease or disorder in patients that have previously had
the disease or disorder; (e) causing regression of the disease or disorder; (f) improving or eliminating the symptoms of
the disease or disorder; and (f) improving survival. In certain preferred embodiments, the disease or disorder is a disease
or disorder that can be treated by a cell of the invention for use in transplantation.

[0057] The effective amount of the isolated cells of the invention for use in transplantation or for use in treating a
disease condition depends on a number of factors, such as the type of tissue, the severity of the disease condition, the
transplantation reaction, the reason for transplantation, and the age and general health of the patient. The effective
amount can be determined by a skilled researcher or clinician by routine practice. Due to the reduced immunogenicity
of the transplanted cells, relative large amount of cells can be tolerated by a patient to achieve the desired therapeutic
effects. Alternatively, the cells can be repeatedly transplanted at intervals until a desired therapeutic effect is achieved.
[0058] The route for administration of the cells of the invention is not limited in any particular way. Exemplary delivery
routes include without limitation intravenous, intramuscular, subdermal, intraperitoneal, transcutaneous, intracutaneous,
and subcutaneous route. The cells of the present invention can also be administered topically by injection. For example,
the cells can be injected into an injured joint, a fractured bone, an infarct site, an ischemic site or their periphery.
[0059] In certain particular embodiments, the cells are administered via a delivery device including without limitation
a syringe. For example, the cells can be suspended in a solution or a pharmaceutical composition contained in such a
delivery device. The "solution" or "pharmaceutical composition" comprises a physiological compatible buffer and option-
ally a pharmaceutically acceptable carrier or diluent in which the cells of the invention remain viable. The use of such
carriers and diluents is well known in the art. The solution includes without limitation physiologically compatible buffers
such as Hank’s solution, Ringer’ solution, or physiologically buffered saline. The cells can be kept in the solution or
pharmaceutical composition for short term storage without losing viability. In certain particular embodiments, the cells
are frozen for long term storage without losing viability according to cryopreservation methods well-known in the art.
[0060] Aqueous injection suspensions may contain substances which increase the viscosity of the suspension, such
as sodium carboxymethyl cellulose, sorbitol, or dextran, but still fluid to the extent that can be easily delivered by syringe
injection. The solution is preferably sterile, stable under the conditions of manufacture and storage and is free of micro-
organism contamination through the use of, for example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal,
and the like. The cells contained in the solution can be stem cells or differentiated cells as described herein, in a
pharmaceutically acceptable carrier or diluent and, as required, other ingredients indicated above.

[0061] The cells may be administered systemically (e.g., intravenously) or locally (e.g., directly into a myocardial defect
under the guidance of echocardiogram, or by direct application to damaged tissues or organs accessible during open
surgery). For injections, the cells may be in an injectable liquid suspension preparation or in a biocompatible medium
which is injectable in liquid form and becomes semi-solid at the site of damaged tissue. A syringe, a controllable endo-
scopic delivery device or other similar devises can be used so long as the needle lumen is of sufficient diameter (e.g.
at least 30 gauge or larger) to avoid physical damages to the cells during delivery.

[0062] In certain other embodiments, the cells for use in transplantation can be transplanted via a solid support, e.g.,
a planar surface or three-dimensional matrix. The matrix or planar surface is surgically implanted into the appropriate
site in a patient. For example, a patient needing a pancreatic graft can have differentiated cells on a solid support
surgically implanted in the pancreas tissue. Exemplary solid support includes without limitation a patch, a gel matrix
(such as GELFOAM® from Pharmacia-Upjohn), polyvinyl alcohol sponge (PVA)-collagen gel implants (such as [IVALON,
Unipoint Industries, High Point, NC) and other similar or equivalent devices. A variety of other encapsulation technologies
can be used with the cells of the invention, for example, WO 91/10470; WO 91/10425; U.S. Pat. No. 5,837,234; U.S.
Pat. No. 5,011,472; U.S. Pat. No. 4,892,538).

[0063] The cells of the invention can be differentiated into various cell types of all three lineages, including without
limitation hematopoietic, mesenchymal, pancreatic endoderm, cardiac and keratinocytes cells. In certain embodiments,
the differentiated cell further expresses a single chain fusion HLA class | protein. In general, each cell type can be
analyzed for HLA class | protein expression, reactivity with human T cells and NK cells, appropriate differentiation
markers, and xenotransplantation in immunodeficient mice to examine in vivo developmental potential. See Figure 4. A
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brief discussion of each differentiated cell type follows.

[0064] In certain embodiments, the cells of the invention can be differentiated to hematopoietic cells for the use in
treating various hematopoietic diseases currently treated by bone marrow transplantation. Patients receiving transfusion
can become refractory to platelet transfusions due to HLA mismatches. Anemic or cytopenic patients can be treated by
delivering the cells of the invention-derived erythrocytes, platelets or neutrophils to treat bleeding or infection.

[0065] Further, stem cells of the invention-derived dendritic cells are antigen-presenting cells that can be used as
cellular vaccines when properly engineered. In certain embodiments, the cells of the invention engineered to express a
single chain fusion HLA class | protein and a unique peptide antigen are used to vaccinate against specific pathogen or
tumor antigens. In certain other embodiments, differentiated B2M-/- cytotoxic lymphocytes with HLA-restricted reactivity
against specific antigens are used to eliminate infected cells or tumor cells.

[0066] To obtain hematopoietic cells, the pluripotent cells are first allowed to form embryoid bodies, thereafter non-
adherent cells were cultured in the presence of hematopoietic cytokines to develop into specific cell lineages. The
differentiation of hematopoietic cells from the cells of the invention that express a single chain fusion HLA class | protein
expressers can be analyzed by flow cytometry and colony assays. The different cell populations are sorted based on
their surface markers, and used to monitor the expression of HLA genes and reactivity with human NK cells and T cells
as measured by Elispot, mixed lymphocyte reactions, and cytotoxicity assays. The effectiveness of the single chain
fusion HLA constructs on suppression of NK cell-mediated killing can be examined at different stages of differentiation
and transplantation. See Bix et al., 1991, Nature 349, 329-331. The hematopoietic stem cells can also be assayed using
xenotransplantation models in, for example, immunodeficient mice (SCID-repopulating cells or SRCs).

[0067] The cells of the invention can be differentiated into hematopoietic cell either before or after the cells are ad-
ministered to a patient. In certain preferred embodiments, the cell is a human cell and the patient is a human. In vitro
hematopoietic differentiation can be performed according to established protocols. See for example, Slukvin et al., 2006,
J Immunol 176:2924-32, and Chang et al., 2006, Blood 108:1515-23.

[0068] In certain other embodiments, the cells of the invention can be differentiated into mesenchymal stem cells. In
certain embodiments, the cells of the invention express one or more single chain fusion HLA class | proteins. MSCs
have the potential to form several differentiated cell types, including marrow stromal cells, adipocytes, osteoblasts, and
chondrocytes. Thus, inducing pluripotent stem cells to form MSCs (iMSCs) is useful in treating skeletal and joint conditions.
The iIMSCs can be further differentiated into osteoblasts and formed bone in vivo. Deyle et al., 2012, Mol Ther.
20(1):204-13. Cellular responses of T cells and NK cells to ESCs, iMSCs, and their more terminally differentiated de-
rivatives such as osteoblasts can be examined.

[0069] In certain particular embodiments, the mesenchymal stem cells are capable of differentiating into non-limiting
examples of cell types such as marrow stromal cells, adipocytes, osteoblasts, osteocytes and chondrocytes. The cells
of the invention are differentiated into mesenchymal stem cells either before or after the cells are administered to a
patient. In certain preferred embodiments, the cell is a human cell and the patient is a human. In vitro mesenchymal
differentiation can be performed according to established protocols. See for example, Deyle et al., supra.

[0070] In yet other particular embodiments, the cells of the invention can be differentiated into insulin-producing pan-
creatic islet cells. In certain embodiments, the cells of the invention express one or more single chain fusion HLA class
| proteins. The cells of the invention can be used to treat insulin-dependent diabetes mellitus. Advantageously, the
transplanted cells do not need to reconstitute a functioning pancreas: they just need to secrete insulin in response to
glucose levels. Therefore the treatment can succeed with different cell doses, with cells that are not perfectly differentiated
into adult cell types, and when cells are transplanted into an ectopic location. Specific auto-antigens such as those
derived from GADG5 or Insulin can cause autoimmune destruction of § cells in diabetes (Di Lorenzo et al., 2007, Clin
Exp Immunol 148, 1-16). Thus, B2M-/- cells or B2M-/- cells expressing a single chain fusion HLA class | protein presenting
a predetermined peptide antigen provide additional advantages in that they do not present these auto-antigens and can
avoid autoimmune rejection and prevent a relapse of diabetes after transplantation.

[0071] The cells of the invention can be differentiated into pancreatic cells as described previously, which employs
exposure of cells to different cytokines and drugs to promote sequential formation of mesendoderm, definitive endoderm,
and pancreatic progenitors (Kroon et al., 2008, Nat Biotechnol 26, 443-452). These cells can be further cultured in
implants in immunodeficient mice. The cells of the invention with or without expressing a single chain fusion HLA class
| protein and wild-type cell lines can be analyzed at different developmental stages for their reactivity with T cells and
NK cells.

[0072] The cells of the invention are differentiated into pancreatic islet cell either before or after patient administration.
In certain preferred embodiments, the cell is a human cell and the patient is a human. In vitro hematopoietic differentiation
can be performed according to established protocols. See for example, Kroon et al., 2008, Nat Biotechnol 26, 443-452.
[0073] In certain other particular embodiments, the cells of the invention can be differentiated into cardiomyocytes. In
certain embodiments, the cells of the invention further express one or more single chain fusion HLA class | proteins.
The common clinical problems of myocardial infarction and congestive heart failure can be treated by transplanting
healthy stem cell-derived cardiomyocytes that engraft and re-establish functional myocardium. The use of cells of the
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invention-derived cardiomyocytes allow these treatments to proceed with pre-packaged cells and avoid the immuno-
suppression currently required for allogeneic heart transplants. Physiologically relevant tests can be performed on the
cardiomyocytes derived from the cells of the invention, such as electrical conduction and contraction studies. B2M-/-
stem cells or differentiated cardiomyocytes with or without expressing a single chain fusion HLA class | protein can be
tested to determine their immunological reactivity when expressing cardiomyocyte genes, and to establish which HLA
modifications minimize these immune responses.

[0074] The cells of the invention can be differentiated into cardiomyocytes either before or after the cells are admin-
istered to a patient. In certain preferred embodiments, the cell is a human cell and the patient is a human. In certain
embodiments, the cells of the invention are differentiated into cardiomyocytes for the use in treating diseases including
without limitation myocardial infarction and congestive heart failure. In vitro cardiomyocyte differentiation can be per-
formed according to established protocols. See for example, Laflamme et al., 2007, Nat Biotechnol 25, 1015-1024.
[0075] In yetother particular embodiments, the cells of the invention can be differentiated into keratinocytes. In certain
embodiments, the cells of the invention used for differentiation into keratinocytes express one or more single chain fusion
HLA class | proteins. Severe burns and genetic skin conditions require treatment with skin grafts, and this is currently
done with a variety of cell sources such as porcine skin grafts and cultured autologous human keratinocytes. Keratinocytes
derived from the cells of the invention can provide a major clinical advance, since burns could be treated as an emergency
with pre-packaged cells, and genetic diseases such as epidermolysis bullosum can be treated with normal cells (albeit
with the B2M-/- background in the cellular chromosome) that do not require correction of the responsible genetic muta-
tions. In many cases the cells only need to engraft long enough for neighboring host cells to repopulate the affected
area. Figure 5 shows in vitro differentiation of Keratin 5+ and Keratin 14+ keratinocyte colonies from the cells of the
invention. The cells of the invention were cultured in matrigel cultures, followed by expansion in serum-free keratinocyte
medium containing all-trans retinoic acid and BMP4 as described previously (ltoh et al., 2011, PNAS USA 108,
8797-8802). For in vivo differentiation, the cells of the invention for use in transplantation can be embedded in polyvinyl
alcohol sponge (PVA)-collagen gel implants for transplantation into a recipient. The cells of the invention can be differ-
entiated into keratinocytes either before or after transplantation. In certain preferred embodiments, the cell is a human
cell and the patient is a human.

[0076] In yet another aspect, the invention provides a use of the cells of the invention for the preparation for a medi-
cament for transplantation. In a related aspect, the invention provides a use of the cells of the invention for the preparation
for a medicament for treating a disease condition.

[0077] Further, the cells of the invention can serve as a research tool to provide a system for studying the functions
of immunoregulatory proteins in a B2M-/- genetic background. In certain embodiments, the cells of the invention further
express one or more single chain fusion HLA class | proteins. Accordingly, in a related aspect, the invention provides a
method of determining the function of an immunoregulatory protein comprising the steps of introducing one or more
immunoregulatory genes into the cells of the invention and assaying for the activities of the immunoregulatory genes.
In certain preferred embodiments, the cell is a human cell. For example, the cells of the invention can be used to study
the function of an immune regulatory gene, or to study an immune response, in the absence of unwanted class | antigens.
In certain embodiments, the cells of the invention express HLA-F or a single chain fusion HLA class | protein comprising
B2M and HLA-F, wherein the function of the HLA-F can be studied in the B2M-/- background. In a further related aspect,
the invention provides a method of identifying a compound or molecule that modulates the function of the immunoreg-
ulatory protein comprising the steps of contacted the B2M-/- cells comprising the one or more immunoregulatory genes
with a compound or molecule of interest and assaying for the activities of the immunoregulatory genes. In certain preferred
embodiments, the cell is a human cell.

[0078] In yet another related aspect, the invention provides an in vivo research tool in a mammal, particular in a non-
human primate, that are administered the cells of the invention, for studying the functions of immunoregulatory genes,
or identifying a compound that modulates the function of an immunoregulatory gene in the administered cells in a B2M-/-
genetic background. In certain embodiments, the cells of the invention further express one or more single chain fusion
HLA class | proteins.

[0079] Mice, especially immune deficient mice, have been used as a model system for studying human cells in vivo.
Human stem cells can behave differently in mice. In addition, the mouse and human immune systems have different
NK cell receptors and non-classical MHC class | genes (e.g. HLA-E, F and G). Therefore, a Macaca nemestrina (Mn,
pigtailed macaque) model can be developed to study the cells of the invention. The Macaca mulatta genome has been
sequenced, which is highly homologous to the nemestrina genome. Further, the organization of macaque MHC loci is
similar to human HLA, including the non-classical genes. Homologs of the human HLA-E and HLA-G genes have been
identified in macaques. The macaque MHC loci also contain homologs of many human NK cell receptors. Human B2M-/-
ESCs as well as Mn B2M-/- ESCs can be used for transplantation in macaques.

[0080] MHC class I-deficient (B2M-/-) macaque ESCs can be developed using the same AAV-mediated gene targeting
strategy described for human cells. Mn versions of the single-chain HLA class | fusion proteins are expressed in the
B2M-/- macaques ESCs using the analogous viral vectors as described above.
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[0081] Cells can be expanded in vitro and labeled with a vector expressing GFP for subsequent identification of
transplanted cells. The cells can be embedded in polyvinyl alcohol sponge (PVA)-collagen gel implants, and placed
subdermally into macaques. The implants can be harvested, sectioned and stained to determine the cell types that are
present. Specific antibodies can be used to identify the differentiated cell types formed by the transplanted cells.
[0082] Any and every embodiment described above applies to any and every aspect of the invention, unless the
context clearly indicates otherwise. All embodiments within and between different aspects can be combined unless the
context clearly dictates otherwise.

[0083] The Examples, which follow, are illustrative of specific embodiments of the invention, and various uses thereof.
They are set forth for explanatory purposes only, and are not to be taken as limiting the invention.

EXAMPLES
Reference Example 1 Construction of Human Pluripotent Stem Cells with Knockout Mutations in B2M Genes

[0084] Human pluripotent stem cells were created with knockout mutations in both alleles of the beta-2 microglobulin
(B2M) genes that encodes the common subunit required for surface expression of all HLA class | heterodimers (HLA-
A, B, C, E, F and G). Adeno-associated virus (AAV) gene targeting vectors were used to construct B2M-/- (class I-
negative) H1 human ESCs (University of Wisconsin). Human pluripotent stem cells were infected with AAV gene targeting
vectors and the B2M gene was inactivated by homologous recombination. AAV mediated gene targeting methodology
has been described previously in for example, Khan et al., 2011, Protocol, 482:482-501 and Khan et al., 1990, Science
248:1227-30.

[0085] Figure 1 describes the construction of HLA class I-negative human H1 ESCs cells using the adeno-associated
virus (AAV) gene targeting vectors. The two AAV vectors used contain homologous arms surrounding exon 1 of the
human B2M gene, and are designed to insert either a TKNeo or HyTK fusion gene encoding G418 or hygromycin
resistance respectively into exon 1 (Figure 1A). The H1 ESCs were infected with the AAV-B2M-ETKNpA vector and
30% of G418-resistant cells were targeted at one B2M allele based on Southern blot analysis. One of these clones was
then infected with the AAV-B2M-EHyTKpA vector and 10% of hygromycin-resistant cells were targeted at B2M. Southern
blot analysis of a representative clone that had deletions in both B2M alleles (B2M-/-) is shown in Figure 1B (HyTK/TKN).
None of the targeted clones analyzed contained random integrants. The sequences of the targeting vector plasmid pA2-
B2METKMpA and pA2-B2MEHuUTKpA are shown in SEQ ID NO:21 and SEQ ID NO:22, respectively.

[0086] Cre recombinase was then used to remove the floxed TKNeo and HyTK transgenes from the B2M loci. Cre
was delivered transiently by a non-integrating foamy virus vector, which is a type of retroviral vector previously described
that efficiently infects human ESCs. See Deyle, et al., 2010, J. Virol 84, 9341-9 and Gharwan et al., 2007, Mol Ther 15,
1827-1833. Four clones lacking the TKNeo and HyTK transgenes were selected by gancyclovir section that kills cells
expressing thymidine kinase (TK). The results shown by Southern blot analysis demonstrated transgene-free double
knockouts (Figure 1B).

[0087] Karyotypes were checked on two of these clones and found to be normal (data not shown), and teratoma
assays conducted in immunodeficient mice showed that these cells had trilineage developmental potential (Figure 2).
Flow cytometry with antibodies against B2M (anti-B2M-01- PE from SantaCruz Biotechnology) and pan-HLA class |
antigens (W6/32 from Sigma-Aldrich) confirmed that these cells did not express HLA class | proteins on the cell surface
(Figure 1C).

Reference Example 2 Expression of Single Chain Fusion HLA class | Proteins in B2M Knockout Cells

[0088] In mice, HLA class I-negative cells can be destructed by Natural Killer (NK) cells through the "missing self"
mechanism. Bix et al., 1991, Nature 349, 329-331. Human NK cells have different receptors, but an analogous inhibition
of NK cell killing is mediated through interactions of NK cell receptors with HLA-C, E and G. The "missing self phenomenon
has largely been described for class I-deficient hematopoietic cells, and the mouse transplantation data reported previ-
ously showing that many types of B2M-/- organs survived in B2M+/+ hosts suggests that it may be less important when
transplanting cells form solid organs. However, given that it could significantly affect donor cell survival in some settings,
specific HLA class | genes as single chain fusion proteins that suppress NK cell killing were introduced to the B2M-/- cells.
[0089] The strategy for expressing specific HLA class | genes in a B2M-/- background is shown in Figure 3. The B2M
chain was fused to the specific HLA class | heavy chain, thereby allowing surface expression of the class | chain even
in B2M-/- cells. Integrating foamy virus vectors were used to express these single chain fusion proteins. Foamy virus
vectors are a type of retroviral vector with a large packaging capacity that can efficiently infect human pluripotent stem
cells (Gharwan at al., supra). One such representative single chain fusion HLA class | protein foamy virus construct is
shown in Figure 3A. The A®-EGP-PHLA-SC foamy vectors included a GFP-Puro fusion protein gene driven by an EF1
alpha promoter to allow for puromycin selection and GFP expression in transduced cells, and a separate expression
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cassette with a ubiquitously expressed PGK promoter driving an HLA single chain fusion (HLA-SC) construct (Figure
3A). The vector design produced constitutive expression of both transgenes, but many other vector designs and internal
promoters can also be used. For example, the GFP-Pur gene can be driven by the pGK promoter, and the EF1 alpha
promoter controls the expression of the SC HLA gene.

[0090] As shown in Figure 3B, the HLA-bGBE trimeric single chain fusion construct included a covalently attached
HLA-G peptide (SEQ ID NO:23) in the HLA-E peptide binding cleft, while the HLA-gBE dimeric construct included an
HLA-G signal peptide that was cleaved off but still bound non-covalently to the HLA-E molecule. See Crew et al., 2005,
Mol Immunol 42, 1205-1214. B2M-/- cells were transduced with these vectors. Puromycin-resistant clones were selected
and HLA-E surface expression was analyzed by flow cytometry in pluripotent cells expressing these constructs (Figure
3C).

[0091] Further, a specific classical HLA class | allele single chain fusion protein was constructed and expressed in
B2M-/- H1 ESCs to create a "semi-universal" donor cell to facilitate compatibility with recipients. For example, in the
U.S. the HLA-A0201 allele is present in 48% of Caucasians, 46% of Hispanics, and 24% of African-Americans, all of
which should accept HLA-A0201+ stem cells. See www.allelfrequencies.net and Storkus et al., 1989, PNAS USA
86:2361-2364. The HLA-bBAO0201 dimeric single chain fusion construct was introduced in B2M-/- H1 ESCs by foamy
virus vectors (Figure 3B) and the expression of the single chain fusion protein was analyzed by flow cytometry (Figure 3D).

SEQUENCE LISTING

[0092]
<110> University of Washington Russell, David W
<120> Beta-2 Microglobulin-Deficient Cells
<130> 11-442-PCT

<150> 61/477474
<151> 2011-04-20

<160> 23

<170> Patentln version 3.5
<210> 1

<211> 987

<212> DNA

<213> Homo sapiens
<220>

<221> CDS

<222> (61)..(420)

<400> 1
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aatataagtg gaggcgtcgce gctggeggge attcctgaag ctgacagcat tcecgggceccgag 60
atg tct cgec tcec gtg gee tta get gtg cte geg cta cte tet ctt tet 108
Met Ser Arg Ser Val Ala Leu Ala Val Leu Ala Leu Leu Ser Leu Ser
1 5 10 15
ggc ctg gag gct atc cag cgt act cca aag att cag gtt tac tca cgt 156
Gly Leu Glu Ala Tle Gln Arg Thr Pro Lys Ile Gln Val Tyr Ser Arg
20 25 30
cat cca gca gag aat gga aag tca aat ttc ctg aat tgc tat gtg tct 204
His Pro Ala Glu Asn Gly Lys Ser Asn Phe Leu Asn Cys Tyr Val Ser
35 40 45
ggg ttt cat cca tcc gac att gaa gtt gac tta ctg aag aat gga gag 252
Gly Phe His Pro Ser Asp Ile Glu Val Asp Leu Leu Lys Asn Gly Glu
50 55 60
aga att gaa aaa gtg gag cat tca gac ttg tct ttc age aag gac tgg 300
Arg Ile Glu Lys Val Glu His Ser Asp Leu Ser Phe Ser Lys Asp Trp
65 70 75 80
tct tte tat ctec ttg tac tac act gaa ttc acc ccc act gaa aaa gat 348
Ser Phe Tyr Leu Leu Tyr Tyr Thr Glu Phe Thr Pro Thr Glu Lys Asp
85 90 95
gag tat gcc tge cgt gtg aac cat gtg act ttg tca cag ccc aag ata 396
Glu Tyr Ala Cys Arg Val Asn His Val Thr Leu Ser Gln Pro Lys TIle
100 105 110
gtt aag tgg gat cga gac atg taa gcagcatcat ggaggtttga agatgccgca 450
Val Lys Trp Asp Arg Asp Met
115
tttggattgg atgaattcca aattctgctt gcttgectttt taatattgat atgecttatac 510
acttacactt tatgcacaaa atgtagggtt ataataatgt taacatggac atgatcttct 570
ttataattct actttgagtg ctgtctccat gtttgatgta tctgagcagg ttgctccaca 630
ggtagctcta ggagggctgg caacttagag gtggggagca gagaattctc ttatccaaca 690
tcaacatctt ggtcagattt gaactcttca atctcttgca ctcaaagctt gttaagatag 750
ttaagcgtge ataagttaac ttccaattta catactctge ttagaatttg ggggaaaatt 810
tagaaatata attgacagga ttattggaaa tttgttataa tgaatgaaac attttgtcat 870
ataagattca tatttacttc ttatacattt gataaagtaa ggcatggttg tggttaatct 930
ggtttatttt tgttccacaa gttaaataaa tcataaaact tgatgtgtta tctctta 987
<210> 2
<211> 119
<212> PRT

<213> Homo sapiens

<400> 2
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<210> 3

Met

Gly

His

Gly

Arg

65

Ser

Glu

Val

<211> 1611
<212> DNA
<213> Homo sapiens

<220>

<221> CDS
<222> (85)..(1182)

<400> 3

Ser

Leu

Pro

Phe

50

Ile

Phe

Tyr

Lys

Arg

Glu

Ala

35

His

Glu

Tyr

Ala

Trp
115

Ser

Ala

20

Glu

Pro

Lys

Leu

Cys

100

Asp

Val

Ile

Asn

Ser

Val

Leu

85

Arg

Arg

Ala

Gln

Gly

Asp

Glu

70

Tyr

Val

Asp

EP 2 699 593 B1

Leu

Arg

Lys

Ile

55

His

Tyr

Asn

Met

Ala Val Leu

Thr

Ser

40

Glu

Ser

Thr

His

16

Pro

25

Asn

Val

Asp

Glu

Val
105

10

Lys

Phe

Asp

Leu

Phe

90

Thr

Ala

Ile

Leu

Leu

Ser

75

Thr

Leu

Leu

Gln

Asn

Leu

60

Phe

Pro

Ser

Leu

Val

Cys

45

Lys

Ser

Thr

Gln

Ser

Tyr

30

Tyr

Asn

Lys

Glu

Pro
110

Leu

15

Ser

Val

Gly

Asp

Lys

95

Lys

Ser

Arg

Ser

Glu

Trp

80

Asp

Ile
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gagaagccaa tcagtgtcgt cgcggtcget gttctaaagt ccgcacgcac ccaccgggac
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tcagattctec cccagacgecec gagg atg gcec gte atg geg cce cga acc ctce
Met Ala Val Met Ala Pro Arg Thr Leu

cte
Leu
10

tcc
Ser

999
Gly

gtg
Val

ccg
Pro

aat
Asn
90

cge

Arg

atg
Met

cgg
Arg

ctg
Leu

aag
Lys
170

ggc
Gly

acg
Thr

atc

ctg
Leu

cac
His

gag
Glu

cgg
Arg

tgg
Trp
75

atg
Met

ggc
Gly

tat
Tyr

cag
Gln

cgc
Arg
155

tgg
Trp

cgg
Arg

ctg
Leu

tct

cta
Leu

tcc
Ser

cece
Pro

ttc
Phe
60

ata

Ile

aag
Lys

tac
Tyr

ggc
Gly

gac
Asp
140

tct
Ser

gag
Glu

tgc
Cys

cag
Gln

gac

cte
Leu

atg
Met

cgc
Arg
45

gac
Asp

gag
Glu

gce
Ala

tac
Tyr

tgc
Cys
125

gcc

Ala

tgg
Trp

gcg
Ala

gtg
Val

cgc
Arg
205

cat

tcg
Ser

agg
Arg

ttc
Phe

agc
Ser

cag
Gln

cac
His

aac
Asn
110

gac

Asp

tac
Tyr

acc
Thr

gtc
Val

gac
Asp
190

acg
Thr

gag

999
Gly
15

tat
Tyr

atc
Ile

gac
Asp

gag
Glu

tca
Ser
95

cag

Gln

gtg
Val

gac
Asp

gcg
Ala

cat
His
175

999
Gly

gac
Asp

gcc

gce
Ala

ttc
Phe

gce
Ala

gce
Ala

999
Gly
80

cag

Gln

agc
Ser

999
Gly

ggc
Gly

gcg
Ala
160

gcg
Ala

cte
Leu

cece
Pro

acc

ctg
Leu

ttc
Phe

gtg
Val

gcg
Ala
65

ccg

Pro

act
Thr

gag
Glu

ccg
Pro

aag
Lys
145

gac
Asp

gcg
Ala

cgc
Arg

cece
Pro

ctg

gce
Ala

aca
Thr

ggc
Gly

agc
Ser

gag
Glu

gac
Asp

gac
Asp

gac
Asp
130

gat
Asp

atg
Met

gag
Glu

aga
Arg

aag
Lys
210

agg

ctg
Leu

tcc
Ser
35

tac
Tyr

cag
Gln

tat
Tyr

cga
Arg

ggt
Gly
115

999
Gly

tac
Tyr

gca
Ala

cag
Gln

tac
Tyr
195

aca
Thr

tgc

17

acc
Thr
20

gtg
Val

gtg
Val

aag
Lys

tgg
Trp

gcg
Ala
100

tct

Ser

cgc
Arg

atc
Ile

gct
Ala

cgg
Arg
180

ctg
Leu

cat
His

tgg

cag
Gln

tcc
Ser

gac
Asp

atg
Met

gac
Asp
85

aac

Asn

cac
His

ttc
Phe

gce
Ala

cag
Gln
165

aga
Arg

gag
Glu

atg
Met

gcc

acc
Thr

cgg
Arg

gac
Asp

gag
Glu
70

cag

Gln

ctg
Leu

acc
Thr

cte
Leu

ctg
Leu
150

atc
Ile

gtc
Val

aac
Asn

acc
Thr

ctg

tgg
Trp

cece
Pro

acg
Thr
55

ccg
Pro

gag
Glu

999
Gly

atc
Ile

cgc
Arg
135

aac

Asn

acc
Thr

tac
Tyr

999
Gly

cac
His
215

ggc

gcg
Ala

ggc
Gly
40

cag
Gln

cgg
Arg

aca
Thr

acc
Thr

cag
Gln
120

999
Gly

gag
Glu

aag
Lys

ctg
Leu

aag
Lys
200

cac
His

ttc

ggc
Gly
25

cgc
Arg

ttc
Phe

gcg
Ala

cgg
Arg

ctg
Leu
105

ata
Ile

tac
Tyr

gac
Asp

cgc
Arg

gag
Glu
185

gag
Glu

cece
Pro

tac

60

111

159

207

255

303

351

399

447

495

543

591

639

687

735

783



10

15

20

25

30

35

40

45

50

55

Ile

cct
Pro

cag
Gln
250

cag
Gln

acc
Thr

tgg
Trp

ggc
Gly

gtg
Val
330

cag

Gln

gct
Ala

Ser

gcg
Ala
235

gac
Asp

aag
Lys

tgc
Cys

gag
Glu

ctg
Leu
315

atg
Met

gct
Ala

tgt
Cys

Asp
220

gag
Glu

acg
Thr

tgg
Trp

cat
His

ctg
Leu
300

gtt
Val

tgg
Trp

gca
Ala

aaa
Lys

ctgceccttcee

tgtctgtgtt

accatgaccc

agaggtgggg

ttcttectte

atgagaggtt

tggaacgcat

<210> 4

<211> 365
<212> PRT
<213> Homo sapiens

<400> 4

His

atc
Ile

gag
Glu

gcg
Ala

gtg
Val
285

tct
Ser

cte
Leu

agg
Arg

agc
Ser

gtg
Val
365

ctttgtgact
cgtgtaggca
tctteeccacg
ctgaggtgtc
cctattaaaa
gatgagttaa

gagaaccttc

Glu

aca
Thr

cte
Leu

gct
Ala
270

cag

Gln

tcc
Ser

ctt
Leu

agg
Arg

agt
Ser
350

tga

Ala

ctg
Leu

gtg
Val
255

gtg
Val

cat
His

cag
Gln

gga
Gly

aag
Lys
335

gac
Asp

Thr

acc
Thr
240

gag
Glu

gtg
Val

gag
Glu

cece
Pro

gct
Ala
320

agc

Ser

agt
Ser

EP 2 699 593 B1

Leu
225

tgg
Trp

acc
Thr

gtg
Val

ggt
Gly

acc
Thr
305

gtg
Val

tca
Ser

gce
Ala

Arg

cag
Gln

agg
Arg

cct
Pro

ctg
Leu
290

atc
Ile

atc
Ile

gat
Asp

cag
Gln

Cys

cgg
Arg

cct
Pro

tct
Ser
275

cece
Pro

cece
Pro

act
Thr

aga
Arg

ggc
Gly
355

Trp

gat
Asp

gca
Ala
260

gga
Gly

aag
Lys

atc
Ile

gga
Gly

aaa
Lys
340

tct
Ser

Ala

999
Gly
245

999
Gly

gag
Glu

cece
Pro

gtg
Val

gct
Ala
325

gga
Gly

gat
Asp

Leu
230

gag
Glu

gat
Asp

gag
Glu

cte
Leu

ggc
Gly
310

gtg
Val

999
Gly

gtg
Val

Gly

gac
Asp

gga
Gly

cag
Gln

acc
Thr
295

atc

Ile

gtc
Val

agt
Ser

tct
Ser

Phe

cag
Gln

acc
Thr

aga
Arg
280

ctg
Leu

att
Ile

gct
Ala

tac
Tyr

cte
Leu
360

Tyr

acc
Thr

ttc
Phe
265

tac
Tyr

aga
Arg

gct
Ala

gce
Ala

act
Thr
345

aca
Thr

gacagctgce ttgtgtggga ctgagaggca agagttgttc

tgaagaaccc
taatgtgagg
ctgacctgtg
tccatctcetg
ttagaacctg
ttaaaggaga

cagagtcca

tgactttgtt

aggtggggag
ctecectetee
tctcaactte

agtataaatt

agattcctaa

18

tctgcaaagg

agcaccccac

aatcatcttt

atggtgcact

tactttctca

aatttgagag

cacctgecatg
ccececatgtcee
cctgttccag
gagctgtaac
aattcttgcecce

acaaaattaa

831

879

927

975

1023

1071

1119

1167

1222

1282

1342

1402

1462

1522

1582

1611
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Met Ala Val Met Ala Pro Arg Thr Leu Leu Leu Leu Leu Ser Gly Ala

1

5
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Leu

Phe

val

Ala

65

Pro

Thr

Glu

Pro

Lys

145

Asp

Ala

Arg

Pro

Leu

225

Trp

Thr

Ala

Thr

Gly

50

Ser

Glu

Asp

Asp

Asp

130

Asp

Met

Glu

Arg

Lys

210

Arg

Gln

Arg

Leu

Ser

35

Tyr

Gln

Tyr

Arg

Gly

115

Gly

Tyr

Ala

Gln

Tyr

195

Thr

Cys

Arg

Pro

Thr

20

vVal

val

Lys

Trp

Ala

100

Ser

Arg

Ile

Ala

Arg

180

Leu

His

Trp

Asp

Ala

Gln

Ser

Asp

Met

Asp

Asn

His

Phe

Ala

Gln

165

Arg

Glu

Met

Ala

Gly

245

Gly

Thr

Arg

Asp

Glu

70

Gln

Leu

Thr

Leu

Leu

150

Ile

Val

Asn

Thr

Leu

230

Glu

Asp
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Trp

Pro

Thr

55

Pro

Glu

Gly

Ile

Arg

135

Asn

Thr

Tyr

Gly

His

215

Gly

Asp

Gly

Ala Gly Ser

Gly

40

Gln

Arg

Thr

Thr

Gln

120

Gly

Glu

Lys

Leu

Lys

200

His

Phe

Gln

Thr

20

25

Arg

Phe

Ala

Arg

Leu

105

Ile

Tyr

Asp

Arg

Glu

185

Glu

Pro

Tyr

Thr

Phe

Gly

Val

Pro

Asn

90

Arg

Met

Arg

Leu

Lys

170

Gly

Thr

Ile

Pro

Gln

250

Gln

His

Glu

Arg

Trp

75

Met

Gly

Tyr

Gln

Arg

155

Trp

Arg

Leu

Ser

Ala

235

Asp

Lys

Ser

Pro

Phe

60

Ile

Lys

Tyr

Gly

Asp

140

Ser

Glu

Cys

Gln

Asp

220

Glu

Thr

Trp

Met

Arg

45

Asp

Glu

Ala

Tyr

Cys

125

Ala

Trp

Ala

vVal

Arg

205

His

Ile

Glu

Ala

Arg

30

Phe

Ser

Gln

His

Asn

110

Asp

Tyr

Thr

Val

Asp

190

Thr

Glu

Thr

Leu

Ala

Tyr

Ile

Asp

Glu

Ser

95

Gln

Val

Asp

Ala

His

175

Gly

Asp

Ala

Leu

Val

255

Val

Phe

Ala

Ala

Gly

80

Gln

Ser

Gly

Gly

Ala

160

Ala

Leu

Pro

Thr

Thr

240

Glu

Val
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<210> 5

Val

Gly

Thr

305

Val

Ser

Ala

<211> 1578
<212> DNA
<213> Homo sapiens

<220>

<221> CDS
<222> (55)..(1143)

<400> 5

Pro

Leu

290

Ile

Ile

Asp

Gln

Ser

275

Pro

Pro

Thr

Arg

Gly
355

260

Gly

Lys

Ile

Gly

Lys

340

Ser

Glu

Pro

Val

Ala

325

Gly

Asp

Glu

Leu

Gly

310

Val

Gly

Val

EP 2 699 593 B1

Gln

Thr

295

Ile

Val

Ser

Ser

Arg

280

Leu

Ile

Ala

Tyr

Leu
360

21

265

Tyr

Arg

Ala

Ala

Thr

345

Thr

Thr

Trp

Gly

Val

330

Gln

Ala

Cys

Glu

Leu

315

Met

Ala

Cys

His

Leu

300

Val

Trp

Ala

Lys

Val

285

Ser

Leu

Arg

Ser

Val
365

270

Gln

Ser

Leu

Arg

Ser
350

His

Gln

Gly

Lys

335

Asp

Glu

Pro

Ala

320

Ser

Ser



10

15

20

25

30

35

40

45

50

55

EP 2 699 593 B1

agttctaaag tccccacgca cccacccgga ctcagagtcet

ctg
Leu

gce
Ala

acc
Thr

ggc
Gly

agt
Ser

gag

gtc
Val

ctg
Leu

tcc
Ser
35

tac
Tyr

ccg
Pro

tat

atg gcg ccc

Met

acc
Thr
20

gtg
Val

gtg
Val

aga
Arg

tgg

Ala
5

gag
Glu

tcc
Ser

gac
Asp

gag
Glu

gac

Pro

acc
Thr

cgg
Arg

gac
Asp

gag
Glu
70

cgg

cga
Arg

tgg
Trp

cece
Pro

acc
Thr
55

ccg
Pro

aac

acc
Thr

gce
Ala

ggc
Gly
40

cag
Gln

cgg
Arg

aca

gtc
Val

ggc
Gly
25

cgc
Arg

ttc
Phe

gcg
Ala

cag

cte
Leu
10

tcc
Ser

999
Gly

gtg
Val

ccg
Pro

atc

ctg
Leu

cac
His

gag
Glu

agg
Arg

tgg
Trp
75

tac

22

ctg
Leu

tcc
Ser

cece
Pro

ttc
Phe
60

ata
Ile

aag

cctcagacge cgag

cte
Leu

atg
Met

cgc
Arg
45

gac
Asp

gag
Glu

gcc

tcg
Ser

agg
Arg
30

ttc
Phe

agc
Ser

cag
Gln

cag

gcg
Ala
15

tat
Tyr

atc
Ile

gac
Asp

gag
Glu

gca

gce
Ala

ttc
Phe

tca
Ser

gce
Ala

999
Gly

cag

atg
Met

ctg
Leu

tac
Tyr

gtg
Val

gcg
Ala
65

ccg
Pro

act

57

105

153

201

249

297

345
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Glu

gac
Asp

gcc
Ala

gac
Asp
130

gat
Asp

acg
Thr

gag
Glu

aga
Arg

aag
Lys
210

agg
Arg

cag
Gln

aga
Arg

cct
Pro

ctg
Leu
290

gtc
Val

gtc
Val

Tyr

cga
Arg

g99
Gly
115

g99
Gly

tac
Tyr

gcg
Ala

cag
Gln

tac
Tyr
195

aca
Thr

tgc
Cys

cgg
Arg

cca
Pro

tct
Ser
275

ccg
Pro

cce
Pro

atc
Ile

Trp

gag
Glu
100

tect
Ser

cgc
Arg

atc
Ile

gct
Ala

cgg
Arg
180

ctg
Leu

cac
His

tgg
Trp

gat
Asp

gca
Ala
260

gga
Gly

aag
Lys

atc
Ile

gga
Gly

Asp
85

agce
Ser

cac
His

cte
Leu

gce
Ala

cag
Gln
165

aga
Arg

gag
Glu

gtg
val

gcc
Ala

ggc
Gly
245

gga
Gly

gaa
Glu

cce
Pro

gtg
Val

gct
Ala
325

Arg

ctg
Leu

acc
Thr

cte
Leu

ctg
Leu
150

atc
Ile

gcc
Ala

aac
Asn

acc
Thr

ctg
Leu
230

gag
Glu

gat
Asp

gag
Glu

ctce
Leu

ggc
Gly
310

gtg
vVal

Asn

cgg
Arg

cte
Leu

cgce
Arg
135

aac
Asn

acc
Thr

tac
Tyr

999
Gly

cac
His
215

ggt
Gly

gac
Asp

aga
Arg

cag
Gln

acc
Thr
295

att
Ile

gtc
Val

Thr

aac
Asn

cag
Gln
120

999
Gly

gag
Glu

cag
Gln

ctg
Leu

aag
Lys
200

cac
His

tte
Phe

caa
Gln

acc
Thr

aga
Arg
280

ctg
Leu

gtt
Val

gct
Ala

EP 2 699 593 B1

Gln

ctg
Leu
105

agc
Ser

cat
His

gac
Asp

cgce
Arg

gag
Glu
185

gac
Asp

cce
Pro

tac
Tyr

act
Thr

ttc
Phe
265

tac

Tyr

aga
Arg

gct
Ala

gct
Ala

Ile
90

cgc
Arg

atg
Met

gac
Asp

ctg
Leu

aag
Lys
170

ggc
Gly

aag
Lys

atc
Ile

cct
Pro

cag
Gln
250

cag
Gln

aca
Thr

tgg
Trp

ggc
Gly

gtg
Val
330

Tyr

ggc
Gly

tac
Tyr

cag
Gln

cge
Arg
155

tgg
Trp

gag
Glu

ctg
Leu

tct
Ser

gcg
Ala
235

gac
Asp

aag
Lys

tgc
Cys

gag
Glu

ctg
Leu
315

atg
Met

23

Lys

tac
Tyr

ggc
Gly

tac
Tyr
140

tcc
Ser

gag
Glu

tgc
Cys

gag
Glu

gac
Asp
220

gag
Glu

act
Thr

tgg
Trp

cat
His

ccg
Pro
300

gct
Ala

tgt
Cys

Ala

tac
Tyr

tgc
Cys
125

gce
Ala

tgg
Trp

gcg
Ala

gtg
val

cgc
Arg
205

cat
His

atc
Ile

gag
Glu

gca
Ala

gta
Vval
285

tct

Ser

gtc
VvVal

agg
Arg

Gln

aac
Asn
110

gac
Asp

tac
Tyr

acc
Thr

gcc
Ala

gag
Glu
190

gct
Ala

gag
Glu

aca
Thr

ctt
Leu

gct
Ala
270

cag
Gln

tce
Ser

cta
Leu

agg
Arg

Ala
95

cag
Gln

gtg
Val

gac
Asp

gcec
Ala

cgt
Arg
175

tgg
Trp

gac
Asp

gcc
Ala

ctg
Leu

gtg
Val
255

gtg
Val

cat
His

cag
Gln

gca
Ala

aag
Lys
335

Gln

agce
Ser

999
Gly

ggc
Gly

gcg
Ala
160

gag
Glu

cte
Leu

cce
Pro

acc
Thr

acc
Thr
240

gag
Glu

gtg
Val

gag
Glu

tcec
Ser

gtt
Val
320

agt
Ser

Thr

gag
Glu

ccg
Pro

aag
Lys
145

gac
Asp

gcg
Ala

cgc
Arg

cca
Pro

ctg
Leu
225

tgg
Trp

acc
Thr

gtg
Val

999
Gly

acc
Thr
305

gtg
Val

tca
Ser

393

441

489

537

585

633

681

729

7717

825

873

921

969

1017

1065
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ggt gga aaa gga ggg agc tac tct cag gect gecg tge age gac agt gece 1113
Gly Gly Lys Gly Gly Ser Tyr Ser Gln Ala Ala Cys Ser Asp Ser Ala
340 345 350

cag ggc tct gat gtg tct ctc aca gect tga aaagcctgag acagetgtcet 1163
Gln Gly Ser Asp Val Ser Leu Thr Ala

355 360
tgtgagggac tgagatgcag gatttcttca cgcctccect ttgtgacttce aagagectcet 1223
ggcatctctt tctgcaaagg cacctgaatg tgtctgegte cctgttagca taatgtgagg 1283
aggtggagag acagcccacc cttgtgtcca ctgtgacccce tgttecccatg ctgacctgtg 1343
tttccteccece agtcatcettt cttgttccag agaggtgggg ctggatgtcet ccatctcetgt 1403
ctcaacttta cgtgcactga gctgcaactt cttacttccc tactgaaaat aagaatctga 1463
atataaattt gttttctcaa atatttgcta tgagaggttg atggattaat taaataagtc 1523
aattcctgga atttgagaga gcaaataaag acctgagaac cttccagaaa aaaaa 1578
<210> 6
<211> 362
<212> PRT

<213> Homo sapiens

<400> 6

30

35

40

45

50

55
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Met

Leu

Tyr

Val

Ala

65

Pro

Thr

Glu

Pro

Leu

Ala

Thr

Gly

Ser

Glu

Asp

Ala

Asp

Val

Leu

Ser

35

Tyr

Pro

Tyr

Arg

Gly

115

Gly

Met

Thr

20

Val

Val

Arg

Trp

Glu

100

Ser

Arg

Ala

Glu

Ser

Asp

Glu

Asp

85

Ser

His

Leu

Pro

Thr

Arg

Asp

Glu

70

Arg

Leu

Thr

Leu
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Arg

Trp

Pro

Thr

55

Pro

Asn

Arg

Leu

Arg

Thr

Ala

Gly

40

Gln

Arg

Thr

Asn

Gln

120

Gly

25

Val

Gly

25

Arg

Phe

Ala

Gln

Leu

105

Ser

His

Leu

10

Ser

Gly

Val

Pro

Ile

90

Arg

Met

Asp

Leu

His

Glu

Arg

Trp

75

Tyr

Gly

Tyr

Gln

Leu

Ser

Pro

Phe

60

Ile

Lys

Tyr

Gly

Tyr

Leu

Met

Arg

45

Asp

Glu

Ala

Tyr

Cys

125

Ala

Ser

Arg

Phe

Ser

Gln

Gln

Asn

110

Asp

Tyr

Ala

15

Tyr

Ile

Asp

Glu

Ala

95

Gln

Val

Asp

Ala

Phe

Ser

Ala

Gly

80

Gln

Ser

Gly

Gly
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Lys

145

Asp

Ala

Arg

Pro

Leu

225

Trp

Thr

Val

Gly

Thr
305

Val

Ser

Ala

<210>7
<211> 1586
<212> DNA

130

Asp

Thr

Glu

Arg

Lys

210

Arg

Gln

Arg

Pro

Leu

290

Val

Val

Gly

Gln

Tyr

Ala

Gln

Tyr

195

Thr

Cys

Arg

Pro

Ser

275

Pro

Pro

Ile

Gly

Gly
355

Ile

Ala

Arg

180

Leu

His

Trp

Asp

Ala

260

Gly

Lys

Ile

Gly

Lys

340

Ser

Ala

Gln

165

Arg

Glu

Val

Ala

Gly

245

Gly

Glu

Pro

Val

Ala

325

Gly

Asp

Leu

150

Ile

Ala

Asn

Thr

Leu

230

Glu

Asp

Glu

Leu

Gly

310

Val

Gly

Val
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135

Asn

Thr

Tyr

Gly

His

215

Gly

Asp

Arg

Gln

Thr

295

Ile

Val

Ser

Ser

Glu

Gln

Leu

Lys

200

His

Phe

Gln

Thr

Arg

280

Leu

Val

Ala

Tyr

Leu
360

26

Asp

Arg

Glu

185

Asp

Pro

Tyr

Thr

Phe

265

Tyr

Arg

Ala

Ala

Ser

345

Thr

Leu

Lys

170

Gly

Lys

Ile

Pro

Gln

250

Gln

Thr

Trp

Gly

Val

330

Gln

Ala

Arg

155

Trp

Glu

Leu

Ser

Ala

235

Asp

Lys

Cys

Glu

Leu

315

Met

Ala

140

Ser

Glu

Cys

Glu

Asp

220

Glu

Thr

Trp

His

Pro

300

Ala

Cys

Ala

Trp

Ala

Val

Arg

205

His

Ile

Glu

Ala

Val

285

Ser

Val

Arg

Cys

Thr

Ala

Glu

190

Ala

Glu

Thr

Leu

Ala

270

Gln

Ser

Leu

Arg

Ser
350

Ala

Arg

175

Trp

Asp

Ala

Leu

Val

255

Val

His

Gln

Ala

Lys

335

Asp

Ala

160

Glu

Leu

Pro

Thr

Thr

240

Glu

Val

Glu

Ser

Val

320

Ser

Ser
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<213> Homo sapiens
<220>

<221> CDS

<222> (66)..(1166)

<400> 7

EP 2 699 593 B1
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tcecgecagtee cggttctaaa gtccccagtce acccaccecgg actcacatte tccccagagg 60
ccgag atg cgg gtc atg gecg ccec cga gecc cte cte ctg ctg cte teg gga 110
Met Arg Val Met Ala Pro Arg Ala Leu Leu Leu Leu Leu Ser Gly
1 5 10 15
ggc ctg gcc ctg acc gag acc tgg gee tge tce cac tece atg agg tat 158
Gly Leu Ala Leu Thr Glu Thr Trp Ala Cys Ser His Ser Met Arg Tyr
20 25 30
ttc gac acc gce gtg tce cgg ccec gge cge gga gag ccc cge tte ate 206
Phe Asp Thr Ala Val Ser Arg Pro Gly Arg Gly Glu Pro Arg Phe Tle
35 40 45
tca gtg ggc tac gtg gac gac acg cag ttc gtg cgg ttc gac agce gac 254
Ser Val Gly Tyr Val Asp Asp Thr Gln Phe Val Arg Phe Asp Ser Asp
50 55 60
gcc gcg agt ccg aga ggg gag ccg cgg gcg ccg tgg gtg gag cag gag 302
Ala Ala Ser Pro Arg Gly Glu Pro Arg Ala Pro Trp Val Glu Gln Glu
65 70 75
ggg ccg gag tat tgg gac cgg gag aca cag aag tac aag cgc cag gca 350
Gly Pro Glu Tyr Trp Asp Arg Glu Thr Gln Lys Tyr Lys Arg Gln Ala
80 85 90 95
cag gct gac cga gtg agec ctg cgg aac ctg cgc ggc tac tac aac cag 398
Gln Ala Asp Arg Val Ser Leu Arg Asn Leu Arg Gly Tyr Tyr Asn Gln
100 105 110
agc gag gac ggg tct cac acc ctc cag agg atg tct ggc tge gac ctg 446
Ser Glu Asp Gly Ser His Thr Leu Gln Arg Met Ser Gly Cys Asp Leu
115 120 125
ggg ccc gac ggg cgc ctc ctc cge ggg tat gac cag tcec gecec tac gac 494
Gly Pro Asp Gly Arg Leu Leu Arg Gly Tyr Asp Gln Ser Ala Tyr Asp
130 135 140
ggc aag gat tac atc gcc ctg aac gag gac ctg cgc tce tgg acc gee 542
Gly Lys Asp Tyr Ile Ala Leu Asn Glu Asp Leu Arg Ser Trp Thr Ala
145 150 155
gcg gac acc gcg gct cag atc acc cag cgc aag ttg gag gcg gcc cgt 590
Ala Asp Thr Ala Ala Gln Ile Thr Gln Arg Lys Leu Glu Ala Ala Arg
160 165 170 175
gcg gcg gag cag ctg aga gcc tac ctg gag ggec acg tge gtg gag tgg 638
Ala Ala Glu Gln Leu Arg Ala Tyr Leu Glu Gly Thr Cys Val Glu Trp
180 185 190
ctc cge aga tac ctg gag aac ggg aag gag acg ctg cag cgc gca gaa 686
Leu Arg Arg Tyr Leu Glu Asn Gly Lys Glu Thr Leu Gln Arg Ala Glu
195 200 205
cce cca aag aca cac gtg acc cac cac cce cte tet gac cat gag gcce 734
Pro Pro Lys Thr His Val Thr His His Pro Leu Ser Asp His Glu Ala
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210

acc
Thr

ctg
Leu
225

agg
Arg

acc
Thr
240

tgg
Trp

cag
Gln

acc
Thr

gag
Glu

agg
Arg

cct
Pro

gtg
Val

gtg
Val

ctg
Leu
290

gag
Glu

999
Gly

atc
Ile

cece
Pro

acc
Thr
305

cta
Leu

gtc
Val
320

gct
Ala

tca
Ser

aag
Lys

agc
Ser

aac
Asn

agt
Ser

gcc
Ala
gacagctgcce
aagagcctct
taatgtgagg
ctgacctgtg
ccatctctgt
taagaacctg

ttaaataagt

tgc
Cys

tgg
Trp

cgg gat
Arg Asp

gce
Ala

999
Gly

EP 2 699 593 B1

215

ctg
Leu
230

ggc
Gly

gag
Glu

gac
Asp

245

cca
Pro

gca
Ala
260

tct
Ser
275

gga
Gly

caa
Gln

gag
Glu

atc
Ile

cece
Pro

ctt
Leu

gtc
Val

gga
Gly

caa
Gln

cece
Pro

atg
Met

gga
Gly

gat
Asp

gga
Gly

gag
Glu

cag
Gln

ttc
Phe

cag
Gln

acc
Thr

aga
Arg

cct
Pro

tac
Tyr

acc
Thr

cag
Gln
250

ttc
Phe
265

cag
Gln

tac
Tyr

acg
Thr

280

cte
Leu

acc
Thr
295

atc
Ile

ggc
Gly
310

gct
Ala

gtg
Val

325

ggt
Gly

gga
Gly
340

cag
Gln
355

ggc
Gly
tgtgtgggac
ggcatctctt
aggtggagag
ttcccteecee
ctcaaattca
aatataaatt

caattcctag

aaa
Lys

tct
Ser

<210> 8

<211> 366

<212> PRT

<213> Homo sapiens

<400> 8

Met Arg Val Met Ala Pro Arg Ala Leu Leu Leu Leu Leu Ser Gly Gly

1

gga
Gly

999
Gly

gat
Asp

gag

Glu

tgagatgcag
tctgcaaagg
acagcccacc
gatcatcttt
tggtgcactg
tgtgttctca

aagttgagag

5

ctg
Leu

gtt
Val

gtc
Val

agc
Ser

tct
Ser
360

tgg
Trp

agc
Ser

gct
Ala

ggc
Gly

acc
Thr

gct
Ala
330

tct
Ser

tgc
Cys
345

atc
Ile

ctc
Leu
gatttcttca
cacctgaatg
ccegtgtceca
cctgttccag
agctgcaact
aatatttgct

agcaaataaa

10

29

220

atc
Ile

gcg
Ala
235

gag
Glu

acc
Thr

gac
Asp

gag
Glu

tgg
Trp

aag
Lys

gca
Ala

cat
His

tgc
Cys

atg
Met
285

tct
Ser

cca
Pro
300

gag
Glu

ctg
Leu
315

gct
Ala

gtc
Val

atg
Met

atg
Met

tgt
Cys

gct
Ala

cag
Gln

gcg
Ala

act
Thr

aaa
Lys
365

tgt
Cys
cacctctect
tgtctgegtt
ccgtgaccce
agaggtgggyg
tcttacttce
atgaagcgtt

gacctgagaa

aca
Thr

ctg
Leu

ctt
Leu

gtg
Val
255

gct
Ala
270

gtg
Val

cac
His

cag
Gln

tcc
Ser

cag
Gln

ctg
Leu

gtt
Val

agg agg
Arg Arg
335

tgc
Cys
350

agc
Ser

gce tga

Ala
ttgtgacttc
cctgttagceca
tgtccccaca
ctggatgtct
ctaatgaagt
gatggattaa

ccttccagaa

15

782

830

878

926

974

1022

1070

1118

1166

1226

1286

1346

1406

1466

1526

1586
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Leu

Asp

Val

Ala

65

Pro

Ala

Glu

Pro

Lys

145

Asp

Ala

Arg

Pro

Leu

225

Trp

Thr

Ala

Thr

Gly

50

Ser

Glu

Asp

Asp

Asp

130

Asp

Thr

Glu

Arg

Lys

210

Arg

Gln

Arg

Leu

Ala

35

Tyr

Pro

Tyr

Arg

Gly

115

Gly

Tyr

Ala

Gln

Tyr

195

Thr

Cys

Arg

Pro

Thr

20

Val

Val

Arg

Trp

Val

100

Ser

Arg

Ile

Ala

Leu

180

Leu

His

Trp

Asp

Ala
260

Glu

Ser

Asp

Gly

Asp

Ser

His

Leu

Ala

Gln

165

Arg

Glu

Val

Ala

Gly

245

Gly

Thr

Arg

Asp

Glu

70

Arg

Leu

Thr

Leu

Leu

150

Ile

Ala

Asn

Thr

Leu

230

Glu

Asp

EP 2 699 593 B1

Trp

Pro

Thr

55

Pro

Glu

Arg

Leu

Arg

135

Asn

Thr

Tyr

Gly

His

215

Gly

Asp

Gly

Ala Cys Ser

Gly

40

Gln

Arg

Thr

Asn

Gln

120

Gly

Glu

Gln

Leu

Lys

200

His

Phe

Gln

Thr

30

25

Arg

Phe

Ala

Gln

Leu

105

Arg

Tyr

Asp

Arg

Glu

185

Glu

Pro

Tyr

Thr

Phe
265

Gly

Val

Pro

Lys

90

Arg

Met

Asp

Leu

Lys

170

Gly

Thr

Leu

Pro

Gln

250

Gln

His

Glu

Arg

75

Tyr

Gly

Ser

Gln

Arg

155

Leu

Thr

Leu

Ser

Ala

235

Asp

Lys

Ser

Pro

Phe

60

Val

Lys

Tyr

Gly

Ser

140

Ser

Glu

Cys

Gln

Asp

220

Glu

Thr

Trp

Met

Arg

45

Asp

Glu

Arg

Tyr

Cys

125

Ala

Trp

Ala

Val

Arg

205

His

Ile

Glu

Ala

Arg

30

Phe

Ser

Gln

Gln

Asn

110

Asp

Tyr

Thr

Ala

Glu

190

Ala

Glu

Thr

Leu

Ala
270

Tyr

Ile

Asp

Glu

Ala

95

Gln

Leu

Asp

Ala

Arg

175

Trp

Glu

Ala

Leu

Val

255

Val

Phe

Ser

Ala

Gly

80

Gln

Ser

Gly

Gly

Ala

160

Ala

Leu

Pro

Thr

Thr

240

Glu

vVal
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<210>

<211> 2679
<212> DNA

Val

Gly

Thr

Pro

Leu

Ser

275

290

305

Leu

Ser

Ser

9

Ile

Ala

Ser

Ala

Gln

Pro

Val

Gly

Gln

Gly

Glu

Ile

Leu

Gly

Gln

Pro

Met

Gly

Glu

Leu

Gly

EP 2 699 593 B1

Gln

Thr

Arg Tyr

280

295

310

325

340

355

<213> Homo sapiens

<220>

<221> CDS

<222> (127)..(1203)

<400>

gcagactcag ttctcattcec caatgggtgt cgggtttcta gagaagccaa tcagcgtcege

cacgactccc gactataaag tccccatccg gactcaagaa gttctcagga ctcagaggcet

9

Gly

Lys

Ser

Ala

Gly

Asp

Ile

Val

Gly

Glu

Leu

Val

Val

Ser

Ser

Ser

Ala

Thr

Cys

Trp

Gly

Ala

Thr Cys

Glu

Leu

His

Pro

Met

285

300

315

330

345

360

Leu

Ser

Ile

Met

Gln

Thr

Ala

Met

Ala

Cys

Ser

Val

Cys

Ala

Lys

Gln His

Ser Gln

Leu Val

Arg Arg

335

Cys Ser

350

365

Ala

gggatc atg gta gat gga acc ctc ctt tta ctc ctec tcg gag gcec ctg
Met Val Asp Gly Thr Leu Leu Leu Leu Leu Ser Glu Ala Leu

gce
Ala
15

act

Thr

ggc
Gly

agt
Ser

gag
Glu

ctt
Leu

tcc
Ser

tac
Tyr

ccg
Pro

tat
Tyr

acc
Thr

gtg
Val

gtg
Val

agg
Arg
65

tgg
Trp

cag
Gln

tcc
Ser

gac
Asp
50

atg
Met

gac
Asp

acc
Thr

cgg
Arg
35

gac

Asp

gtg
Val

cgg
Arg

tgg
Trp
20

cece
Pro

acc
Thr

ccg
Pro

gag
Glu

gcg
Ala

ggc
Gly

cag
Gln

cgg
Arg

aca
Thr

ggc
Gly

cgc
Arg

ttc
Phe

gcg
Ala
70

cgg
Arg

tcc
Ser

999
Gly

gtg
Val
55

ccg
Pro

agc
Ser

cac
His

gag
Glu
40

cge

Arg

tgg
Trp

gce
Ala

31

tcc
Ser
25

cece
Pro

ttc
Phe

atg
Met

agg
Arg

10

ttg
Leu

cgc
Arg

gac
Asp

gag
Glu

gac
Asp

aag
Lys

ttc
Phe

aac
Asn

cag
Gln
75

acc
Thr

tat
Tyr

atc
Ile

gac
Asp
60

gag
Glu

gca
Ala

ttc
Phe

tct
Ser
45

gcc

Ala

999
Gly

cag
Gln

cac
His
30

gtg
Val

gcg
Ala

tca
Ser

att
Ile

Glu

Pro

Val

320

Lys

Asn

120

168

216

264

312

360

408
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tte
Phe
95

gcc
Ala

gac
Asp

gat
Asp

acg
Thr

gag
Glu
175

aaa

Lys

aag
Lys

agg
Arg

cag
Gln

agg
Arg
255

cct
Pro

cta
Leu

atc
Ile

gtc
val

ggt

80

cga
Arg

g99
Gly

999
Gly

tat
Tyr

gcg
Ala
160

cac
His

tac
Tyr

aca
Thr

tgc
Cys

cag
Gln
240

cct

Pro

tct
Ser

cce
Pro

cce
Pro

tct
Ser
320

gga

gtg
Val

tct
Ser

cgc
Arg

cte
Leu
145

gct
Ala

cag
Gln

ctg
Leu

cac
His

tgg
Trp
225

gat
Asp

gca
Ala

gga
Gly

gag
Glu

atc
Ile
305

gga
Gly

aaa

aat
Asn

cac
His

ttc
Phe
130

acc
Thr

cag
Gln

aga
Arg

gag
Glu

gtg
val
210

gce

Ala

999
Gly

999
Gly

gag
Glu

cce
Pro
290

gtg
val

gct
Ala

gga

ctg
Leu

acc
Thr
115

cte
Leu

ctg
Leu

atc
Ile

gce
Ala

aag
Lys
195

act

Thr

ctg
Leu

gag
Glu

gat
Asp

gag
Glu
275

gtc
Val

ggce
Gly

gtg
val

999

cgg
Arg
100

ctg
Leu

cgc
Arg

aat
Asn

tce
Ser

tac
Tyr
180

999
Gly

cac
His

ggce
Gly

ggc
Gly

gga
Gly
260

cag
Gln

acc
Thr

atc
Ile

gtt
val

agc

85

acg
Thr

cag
Gln

999
Gly

gag
Glu

gag
Glu
165

ctg

Leu

aag
Lys

cac
His

tte
Phe

cat
His
245

acc
Thr

aga

ctg
Leu

att
Ile

gct
Ala
325

tac

EP 2 699 593 B1

ctg
Leu

tgg
Trp

tat
Tyr

gac
Asp
150

caa
Gln

gaa
Glu

gag
Glu

cce
Pro

tac
Tyr
230

acc

Thr

tte
Phe

tac
Tyr

aga
Arg

gct
Ala
310

gct
Ala

tect

cgc
Arg

atg
Met

gaa
Glu
135

ctg
Leu

aag
Lys

gac
Asp

acg
Thr

atc
Ile
215

cct

Pro

cag
Gln

cag
Gln

acg
Thr

tgg
Trp
295

ggce
Gly

gtg
val

aag

ggc
Gly

cat
His
120

cag
Gln

cge
Arg

tca
Ser

aca
Thr

ctg
Leu
200

tct
Ser

gcg
Ala

gac
Asp

aag
Lys

tgc
Cys
280

aag
Lys

ctg
Leu

ata
Ile

gct

32

tac
Tyr
105

ggc
Gly

tte
Phe

tcec
Ser

aat
Asn

tgc
Cys
185

ctt

Leu

gac
Asp

gag
Glu

acg
Thr

tgg
Trp
265

cat
His

ccg
Pro

gtt
val

tgg
Trp

gag

90

tac
Tyr

tgc
Cys

gce
Ala

tgg
Trp

gat
Asp
170

gtg
Val

cac
His

cat
His

atc
Ile

gag
Glu
250

gca

Ala

gtg
val

gct
Ala

cte
Leu

agg
Arg
330

tgg

aat
Asn

gag
Glu

tac
Tyr

acc
Thr
155

gcec
Ala

gag
Glu

ctg
Leu

gag
Glu

aca
Thr
235

ctc

Leu

gct
Ala

cag
Gln

tcc
Ser

ctt
Leu
315

aag
Lys

agc

cag
Gln

ctg
Leu

gac
Asp
140

gcg
Ala

tct
Ser

tgg
Trp

gag
Glu

gcc
Ala
220

ctg

Leu

gtg
val

gtg
val

cat
His

cag
Gln
300

gga
Gly

aag
Lys

gac

agc
Ser

999
Gly
125

ggc
Gly

gtg
Vval

gag
Glu

cte
Leu

cce
Pro
205

acc

Thr

acc
Thr

gag
Glu

gtg
Val

gag
Glu
285

cce
Pro

tect
Ser

agc
Ser

agt

gag
Glu
110

cce
Pro

aag
Lys

gac
Asp

gcg
Ala

cac
His
190

cca
Pro

ctg
Leu

tgg
Trp

acc
Thr

gtg
Val
270

999
Gly

acc
Thr

gtg
Val

tca
Ser

gce

456

504

552

600

648

696

744

792

840

888

936

984

1032

1080

1128

1176
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Gly Gly Lys Gly Gly Ser

335

cag ggg tct gag tct cac
Gln Gly Ser Glu Ser His

tgtgcgactg
tccectatgt
gtgtcecetgt
acccccttee
acctgggcag
gcagatcacg
actaaaaaat
aggaggcgga
ttgtgcgact
tgaaaaataa
gacttgagga
aaatttagcc
ccttggagtt
gttgagactt
atcgtaaggce
actggtggct
gcctceccacta
ccagggaaat
ctgggagcag
agcgccccect
ctgcacccag
tccagtgtgt
ccttttetet
gatctgaggt

aaaaaaaaaa

<210> 10
<211> 358
<212> PRT

EP 2 699 593 B1

340

355
agatgcacag
gtcttagggg
tagcacaatg
tcacactgac
agtgcggcag
aggtcaggag
acaaaaaatt
ggcaggagaa
gcactccage
aaaaagaacc
agctaagatc
tattcctatt
gaatattgtt
aatccctaat
tgtgcectteca
ttataagaag
gagtgatgct
gtctagtgtce
gacctgacca
tgggaaagct
caaagccaca
ccgtgaggceca
cccatgaccce
aaactttgaa

aaaaaa

<213> Homo sapiens

Ser Leu

ctgeccttgtg
actctggett
tgaggaggta
ctgtgttecct
ctcatgecctg
atcgaaacca
agctgggcgce
tggcgtcaac
ctgggtgaca
tggatctcaa
atagctagaa
ctctageccta
ttcatactge
gtggcaatac
ttcatgggtt
aggaaaagag
aagtggaaat
tagtggatcc
ccaccaggac
ttaggcacca
ggcacggggc
gcacacgaag
tttaacagca

gtaaaataaa

345

tgcgactgag
ctectttttge
gagaaacagt
tcecetgttet
taatcccage
tcectggctaa
agaggcacgg
ccgggaggcg
gggtgaaacg
tttaattttt
atacagataa
ttccttacca
tgtggtttga
tgaaaggtgg
aatggattaa
aactgagcta
gtgaggtgca
aggccacagg
cccagaactg
gcctgcaacce
tacctgaggce
tcaaaagaga
tctgecttcat

agctgtgttt

33

atgcaggatt
aagggcctct
ccacctctgt
cttttctatt
acttagggag
cacggtgaaa
gcctgtagte
gaggttgcag
ccatctcaaa
catattcttg
ttccacagca
cctgtaatct
atgttccctce
ggcctttgag
tgggttatca
gcatgcccag
gctgccacag
agagagtgcc
tggagtcagt
cattcgagca
cttgggggee
ttattctctt
tcccctcace

gagcatcatt

Tyr Ser Lys Ala Glu Trp Ser Asp Ser Ala

350

agc ttg taa agcctgagac agctgcecttg

tcctcacgece
gaatctgtct
gtctaccatg
aaaaataaga
gccgaggagg
cceccegtetet
ccagctactc
tgagccagga
aaataaaaat
caatgaaatg
catctctagce
tgaccatata
caacactcat
atgtgattgg
caggaatggyg
cccacagaga
agggccccca
ttgtggageg
ggcagcatgc
gccacgtagg
caatccctge
cccacagata
ttcccaggcet

tgtatttcaa

1223

1283

1343

1403

1463

1523

1583

1643

1703

1763

1823

1883

1943

2003

2063

2123

2183

2243

2303

2363

2423

2483

2543

2603

2663

2679
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<400> 10
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Met

Thr

val

Val

Arg

Trp

Val

Ser

Arg

Leu

145

Ala

Gln

Leu

His

Trp

225

Asp

val

Gln

Ser

Asp

50

Met

Asp

Asn

His

Phe

130

Thr

Gln

Arg

Glu

Val

210

Ala

Gly

Asp

Thr

Arg

35

Asp

Val

Arg

Leu

Thr

115

Leu

Leu

Ile

Ala

Lys

195

Thr

Leu

Glu

Gly

Trp

20

Pro

Thr

Pro

Glu

Arg

100

Leu

Arg

Asn

Ser

Tyr

180

Gly

His

Gly

Gly

Thr

Ala

Gly

Gln

Arg

Thr

85

Thr

Gln

Gly

Glu

Glu

165

Leu

Lys

His

Phe

His

Leu

Gly

Arg

Phe

Ala

70

Arg

Leu

Trp

Tyr

Asp

150

Gln

Glu

Glu

Pro

Tyr

230

Thr

EP 2 699 593 B1

Leu

Ser

Gly

Val

55

Pro

Ser

Arg

Met

Glu

135

Leu

Lys

Asp

Thr

Ile

215

Pro

Gln

Leu

His

Glu

40

Arg

Trp

Ala

Gly

His

120

Gln

Arg

Ser

Thr

Leu

200

Ser

Ala

Asp

35

Leu

Ser

25

Pro

Phe

Met

Arg

Tyr

105

Gly

Phe

Ser

Asn

Cys

185

Leu

Asp

Glu

Thr

Leu

10

Leu

Arg

Asp

Glu

Asp

90

Tyr

Cys

Ala

Trp

Asp

170

Val

His

His

Ile

Glu

Ser

Lys

Phe

Asn

Gln

75

Thr

Asn

Glu

Tyr

Thr

155

Ala

Glu

Leu

Glu

Thr

235

Leu

Glu

Tyr

Ile

Asp

60

Glu

Ala

Gln

Leu

Asp

140

Ala

Ser

Trp

Glu

Ala

220

Leu

Val

Ala

Phe

Ser

45

Ala

Gly

Gln

Ser

Gly

125

Gly

Val

Glu

Leu

Pro

205

Thr

Thr

Glu

Leu

His

30

vVal

Ala

Ser

Ile

Glu

110

Pro

Lys

Asp

Ala

His

190

Pro

Leu

Trp

Thr

Ala

15

Thr

Gly

Ser

Glu

Phe

95

Ala

Asp

Asp

Thr

Glu

175

Lys

Lys

Arg

Gln

Arg

Leu

Ser

Tyr

Pro

Tyr

80

Arg

Gly

Gly

Tyr

Ala

160

His

Tyr

Thr

Cys

Gln

240

Pro
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Ala

Gly

Glu

Ile

305

Gly

Lys

Ser

<210> 11
<211> 1301
<212> DNA

Gly

Glu

Pro

290

Val

Ala

Gly

Glu

Asp

Glu

275

Val

Gly

Val

Gly

Ser
355

<213> Homo sapiens

<220>
<221> CDS

<222> (125)..(1165)

<400> 11

Gly

260

Gln

Thr

Ile

Val

Ser

340

His

245

Thr

Arg

Leu

Ile

Ala

325

Tyr

Ser

Phe

Tyr

Arg

Ala

310

Ala

Ser

Leu

EP 2 699 593 B1

Gln

Thr

Trp

295

Gly

Val

Lys

Lys

Cys

280

Lys

Leu

Ile

Ala

36

Trp

265

His

Pro

Val

Trp

Glu
345

250

Ala

Val

Ala

Leu

Arg

330

Trp

Ala

Gln

Ser

Leu

315

Lys

Ser

Val

His

Gln

300

Gly

Lys

Asp

Val

Glu

285

Pro

Ser

Ser

Ser

Val

270

Gly

Thr

Val

Ser

Ala
350

255

Pro

Leu

Ile

Val

Gly

335

Gln

Ser

Pro

Pro

Ser

320

Gly

Gly
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tttctcactec ccattgggecg tcecgegtttcet agagaagcca atcagtgtcecg ccgecagttcece
caggttctaa agtcccacgc acccecgeggg actcatattt ttcccagacg cggaggttgg

ggtc atg gcg ccc cga age cte cte ctg ctg cte tca ggg gece ctg gee
Met Ala Pro Arg Ser Leu Leu Leu Leu Leu Ser Gly Ala Leu Ala
1 5 10 15

ctg acc gat act tgg gcg ggc tcc cac tee ttg agg tat tte age acc
Leu Thr Asp Thr Trp Ala Gly Ser His Ser Leu Arg Tyr Phe Ser Thr
20 25 30

gct gtg tecg cgg ccec gge cge ggg gag ccc cge tac atc gece gtg gag
Ala Val Ser Arg Pro Gly Arg Gly Glu Pro Arg Tyr Ile Ala Val Glu
35 40 45
tac gta gac gac acg caa ttc ctg cgg ttc gac agc gac gcc gecg att
Tyr Val Asp Asp Thr Gln Phe Leu Arg Phe Asp Ser Asp Ala Ala Ile
50 55 60

ceg agg atg gag ccg cgg gag ccg tgg gtg gag caa gag ggg ccg cag

37

60

120

169

217

265

313

36l
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Pro

tat
Tyr
80

cga
Arg

999
Gly

gga
Gly

tac
Tyr

gtg
Val
160

gag
Glu

tac
Tyr

gca
Ala

tgc
Cys

cgg
Arg
240

cct
Pro

cct
Pro

cce
Pro

ccc
Pro

Arg
65

tgg
Trp

gtg
Val

tct
Ser

cge
Arg

atc
Ile
145

gct
Ala

tte
Phe

ttg
Leu

cac
His

tgg
Trp
225

gat
Asp

gca
Ala

gga
Gly

cag
Gln

atc
Ile
305

Met

gag
Glu

gcc
Ala

cac
His

cte
Leu
130

tcc
Ser

cag
Gln

agg
Arg

gag
Glu

gtt
Val
210

gcc
Ala

g99
Gly

999
Gly

gag
Glu

cce
Pro
290

gtg
Val

Glu

tgg
Trp

ctg
Leu

acc
Thr
115

cte
Leu

ctg
Leu

atc
Ile

acc
Thr

aat
Asn
195

gcc
Ala

ctg
Leu

gag
Glu

gat
Asp

gaa
Glu
275

cte

Leu

ggc
Gly

Pro

acc
Thr

agg
Arg
100

cte
Leu

cgce
Arg

aac
Asn

acc
Thr

tac
Tyr
180

ggg
Gly

cac
His

ggc
Gly

gaa
Glu

gga
Gly
260

cag
Gln

atc
Ile

atc
Ile

Arg

aca
Thr
85

aac
Asn

cag
Gln

gg9g9
Gly

gag
Glu

cag
Gln
165

ctg
Leu

aag
Lys

cac
His

tte
Phe

cag
Gln
245

acc
Thr

aga
Arg

ctg
Leu

gtt
vVal

Glu
70

gg99
Gly

ctg
Leu

gga
Gly

tat
Tyr

gac
Asp
150

cgc
Arg

gag
Glu

gag
Glu

cce
Pro

tac
Tyr
230

acc
Thr

ttc
Phe

tac
Tyr

aga
Arg

gct
Ala
310

EP 2 699 593 B1

Pro

tac
Tyr

cte
Leu

atg
Met

cac
His
135

ctg
Leu

tte
Phe

ggc
Gly

acg
Thr

atc
Ile
215

cct
Pro

cag
Gln

cag
Gln

aca
Thr

tgg
Trp
295

ggc
Gly

Trp

gce
Ala

cgc
Arg

aat
Asn
120

cag
Gln

cgc
Arg

tat
Tyr

gag
Glu

cta
Leu
200

tct
Ser

gcg
Ala

gac
Asp

aag
Lys

tgc
Cys
280

gag
Glu

ctt
Leu

Val

aag
Lys

cge
Arg
105

ggc
Gly

cac
His

tce
Ser

gag
Glu

tgc
Cys
185

cag
Gln

gac
Asp

gag
Glu

aca
Thr

tgg
Trp
265

cat

His

cag
Gln

gtt
Val

38

Glu

gce
Ala
90

tac
Tyr

tgc
Cys

gcg
Ala

tgg
Trp

gca
Ala
170

ctg
Leu

cge
Arg

cat
His

atc
Ile

gag
Glu
250

gcec

Ala

gtg
Val

tect
Ser

gtc
Val

Gln
75

aac
Asn

aac
Asn

gac
Asp

tac
Tyr

acc
Thr
155

gag
Glu

gag
Glu

gca
Ala

gag
Glu

acg
Thr
235

ctt
Leu

gct
Ala

cag
Gln

cce
Pro

ctt
Leu
315

Glu

gca
Ala

cag
Gln

atg
Met

gac
Asp
140

gcg
Ala

gaa
Glu

ttg
Leu

gat
Asp

gce
Ala
220

ctg
Leu

gtg
vVal

gtg
val

cac
His

cag
Gln
300

gga
Gly

Gly

cag
Gln

agc
Ser

999
Gly
125

ggc
Gly

gcg
Ala

tat
Tyr

cte
Leu

cct
Pro
205

acc
Thr

acc
Thr

gag
Glu

gtg
val

gag
Glu
285

CccCcC

Pro

gct
Ala

Pro

act
Thr

gag
Glu
110

cce
Pro

aag
Lys

gac
Asp

gca
Ala

cgce
Arg
190

cca
Pro

ctg
Leu

tgg
Trp

acc
Thr

gtg
vVal
270

999
Gly

acc
Thr

gtg
Val

Gln

gac
Asp

gct
Ala

gac
Asp

gat
Asp

acc
Thr

gag
Glu
175

aga
Arg

aag
Lys

agg
Arg

cag
Gln

agg
Arg
255

cct
Pro

ctg
Leu

atc
Ile

gtc
Val

409

457

505

553

601

649

697

745

793

841

889

937

985

1033

1081
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EP 2 699 593 B1

act gga gct gtg gtc get get gtg atg tgg agg
Thr Gly Ala Val Val Ala Ala Val Met Trp Arg
320 325 330
aga aac aga ggg agc tac tct cag gct gca gtg
Arg Asn Arg Gly Ser Tyr Ser Gln Ala Ala Val
340 345
ttgtgtggga ctgagaagca agatatcaat gtagcagaat

atacataaat tttaaaaata aagaataaaa atatatcttt

aaaaaa

<210> 12

<211> 346

<212> PRT

<213> Homo sapiens

<400> 12

39

aag aag agc tca gat
Lys Lys Ser Ser Asp
335

tga gacagcttcc

tgcacttgtg cctcacgaac

ttatagataa aaaaaaaaaa

1129

1175

1235

1295

1301



10

15

20

25

30

35

40

45

50

55

Met

Thr

Val

Val

Arg

65

Trp

Val

Ser

Arg

Ile

145

Ala

Ala

Asp

Ser

Asp

50

Met

Glu

Ala

His

Leu

130

Ser

Gln

Pro

Thr

Arg

35

Asp

Glu

Trp

Leu

Thr

115

Leu

Leu

Ile

Arg

Trp

20

Pro

Thr

Pro

Thr

Arg

100

Leu

Arg

Asn

Thr

Ser

Ala

Gly

Gln

Arg

Thr

85

Asn

Gln

Gly

Glu

Gln

Leu

Gly

Arg

Phe

Glu

70

Gly

Leu

Gly

Tyr

Asp

150

Arg

EP 2 699 593 B1

Leu

Ser

Gly

Leu

55

Pro

Tyr

Leu

Met

His

135

Leu

Phe

Leu

His

Glu

40

Arg

Trp

Ala

Arg

Asn

120

Gln

Arg

Tyr

40

Leu

Ser

25

Pro

Phe

Val

Lys

Arg

105

Gly

His

Ser

Glu

Leu

10

Leu

Arg

Asp

Glu

Ala

90

Tyr

Cys

Ala

Trp

Ala

Ser

Arg

Tyr

Ser

Gln

75

Asn

Asn

Asp

Tyr

Thr

155

Glu

Gly

Tyr

Ile

Asp

60

Glu

Ala

Gln

Met

Asp

140

Ala

Glu

Ala

Phe

Ala

45

Ala

Gly

Gln

Ser

Gly

125

Gly

Ala

Tyr

Leu

Ser

30

Val

Ala

Pro

Thr

Glu

110

Pro

Lys

Asp

Ala

Ala

15

Thr

Glu

Ile

Gln

Asp

95

Ala

Asp

Asp

Thr

Glu

Leu

Ala

Tyr

Pro

Tyr

80

Arg

Gly

Gly

Tyr

Val

160

Glu
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Phe

Leu

His

Trp

225

Asp

Ala

Gly

Gln

Ile

305

Gly

Asn

<210> 13
<211> 1578
<212> DNA

Arg

Glu

Val

210

Ala

Gly

Gly

Glu

Pro

290

Val

Ala

Arg

Thr

Asn

195

Ala

Leu

Glu

Asp

Glu

275

Leu

Gly

Val

Gly

<213> Homo sapiens

<220>
<221> CDS

<222> (179)..(1195)

<400> 13

Tyr

180

Gly

His

Gly

Glu

Gly

260

Gln

Ile

Ile

Val

Ser
340

165

Leu

Lys

His

Phe

Gln

245

Thr

Arg

Leu

Val

Ala

325

Tyr

Glu

Glu

Pro

Tyr

230

Thr

Phe

Tyr

Arg

Ala

310

Ala

Ser

EP 2 699 593 B1

Gly

Thr

Ile

215

Pro

Gln

Gln

Thr

Trp

295

Gly

Val

Gln

Glu

Leu

200

Ser

Ala

Asp

Lys

Cys

280

Glu

Leu

Met

Ala

41

Cys

185

Gln

Asp

Glu

Thr

Trp

265

His

Gln

Val

Trp

Ala
345

170

Leu

Arg

His

Ile

Glu

250

Ala

Val

Ser

Val

Arg

330

Val

Glu

Ala

Glu

Thr

235

Leu

Ala

Gln

Pro

Leu

315

Lys

Leu

Asp

Ala

220

Leu

Val

Val

His

Gln

300

Gly

Lys

Leu

Pro

205

Thr

Thr

Glu

Val

Glu

285

Pro

Ala

Ser

Arg

190

Pro

Leu

Trp

Thr

Val

270

Gly

Thr

Val

Ser

175

Arg

Lys

Arg

Gln

Arg

255

Pro

Leu

Ile

Val

Asp
335

Tyr

Ala

Cys

Arg

240

Pro

Pro

Pro

Pro

Thr

320

Arg
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EP 2 699 593 B1

agtgtggtac tttgtcttga ggagatgtcc tggactcaca cggaaactta gggctacgga
atgaagttct cactcccatt aggtgacagg tttttagaga agccaatcag cgtcgccgeg

gtcctggttec taaagtccte gectcacccac ccggactcat tctceccccaga cgeccaagg

42

120

178
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atg
Met

ctg
Leu

agc
Ser

atg
Met

gcg
Ala
65

ccg
Pro

act
Thr

gag
Glu

tcc
Ser

aag
Lys
145

gac
Asp

gct
Ala

cac
His

cce
Pro

ctg
Leu
225

tgg
Trp

gtg
Val

acc
Thr

gcc
Ala

ggc
Gly
50

tgt
Cys

gag
Glu

gac
Asp

gcc
Ala

gac
Asp
130

gat
Asp

act
Thr

gaa
Glu

aga
Arg

aag
Lys
210

agg
Arg

cag
Gln

gtc
Val

ctg
Leu

gce
Ala
35

tac
Tyr

ccg
Pro

tat
Tyr

aga
Arg

agt
Ser
115

gga
Gly

tac
Tyr

gcg
Ala

caa
Gln

tac
Tyr
195

aca
Thr

tgc
Cys

cgg
Arg

atg
Met

acc
Thr
20

gtg
Val

gtg
Val

agg
Arg

tgg
Trp

atg
Met
100

tect
Ser

cgc
Arg

cte
Leu

gct
Ala

agg
Arg
180

ctg

Leu

cac
His

tgg
Trp

gat
Asp

gcg
Ala

gag
Glu

tce
Ser

gac
Asp

atg
Met

gaa
Glu
85

aac
Asn

cac
His

cte
Leu

gce
Ala

cag
Gln
165

aga

Arg

gag
Glu

gtg
val

gce
Ala

999
Gly

cce
Pro

acc
Thr

cgg
Arg

gac
Asp

gag
Glu
70

gag
Glu

ctg
Leu

acc
Thr

cte
Leu

ctg
Leu
150

atc
Ile

gce
Ala

aac
Asn

acc
Thr

ctg
Leu
230

gag
Glu

cga
Arg

tgg
Trp

ccce
Pro

acg
Thr
55

ccg
Pro

gag
Glu

cag
Gln

ctce
Leu

cgc
Arg
135

aac
Asn

tce
Ser

tac
Tyr

gg99
Gly

cac
His
215

ggc
Gly

gac
Asp

EP 2 699 593 B1

acc
Thr

gcg
Ala

ggc
Gly
40

cag
Gln

cgg
Arg

aca
Thr

acc
Thr

cag
Gln
120

999
Gly

gag
Glu

aag
Lys

ctg
Leu

aag
Lys
200

cac

His

tte
Phe

cag
Gln

cte
Leu

ggc
Gly
25

cgce
Arg

tte
Phe

gcg
Ala

cgg
Arg

ctg
Leu
105

tgg
Trp

tat
Tyr

gac
Asp

cgce
Arg

gag
Glu
185

gag
Glu

cct
Pro

tac
Tyr

acc
Thr

ttc
Phe
10

tce
Ser

g99
Gly

gtg
Val

ccg
Pro

aac
Asn
90

cge
Arg

atg
Met

gaa
Glu

ctg
Leu

aag
Lys
170

ggc
Gly

atg
Met

gtc
Val

cct
Pro

cag
Gln

43

ctg
Leu

cac
His

gag
Glu

cgg
Arg

tgg
Trp
75

acc
Thr

ggc
Gly

att
Ile

cag
Gln

cgce
Arg
155

tgt
Cys

acg
Thr

ctg
Leu

ttt
Phe

gcg
Ala
235

gac
Asp

ctg
Leu

tce
Ser

cce
Pro

tte
Phe
60

gtg
Vval

aag
Lys

tac
Tyr

ggc
Gly

tat
Tyr
140

tce
Ser

gag
Glu

tgc
Cys

cag
Gln

gac
Asp
220

gag
Glu

gtg
vVal

cte
Leu

atg
Met

cgce
Arg
45

gac
Asp

gag
Glu

gcc
Ala

tac
Tyr

tgc
Cys
125

gcc
Ala

tgg
Trp

gcg
Ala

gtg
vVal

cgc
Arg
205

tat
Tyr

atc
Ile

gag
Glu

tcg
Ser

agg
Arg
30

tte
Phe

agc
Ser

cag
Gln

cac
His

aac
Asn
110

gac
Asp

tac
Tyr

acc
Thr

gcc
Ala

gag
Glu
190

gcg
Ala

gag
Glu

ata
Ile

cte
Leu

999
Gly
15

tat
Tyr

atc
Ile

gac
Asp

gag
Glu

gca
Ala
95

cag
Gln

ctg
Leu

gat
Asp

gca
Ala

aat
Asn
175

tgg
Trp

gac
Asp

gce
Ala

ctg
Leu

gtg
val

gce
Ala

ttc
Phe

gce
Ala

tcg
Ser

999
Gly
80

cag
Gln

agc
Ser

g99
Gly

ggc
Gly

gcg
Ala
160

gtg
Val

cte
Leu

cce
Pro

acc
Thr

acc
Thr
240

gag
Glu

226

274

322

370

418

466

514

562

610

658

706

754

802

850

898

946
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acc
Thr

gtg
Val

999
Gly

acc
Thr
305

gta
Val

tca
Ser

agg
Arg

cct
Pro

ctg
Leu
290

atc
Ile

gtc
Val

gat
Asp

cct
Pro

tct
Ser
275

ccg
Pro

cece
Pro

act
Thr

tga

gcecctgtgtg

gtgcagagac

tcctteccca

caaatttgtg

aatttacttt

ctgaaatttg

<210> 14

<211> 338
<212> PRT
<213> Homo sapiens

<400> 14

EP 2 699 593 B1

245 250
gca ggg gat gga acc ttc cag aag tgg gca gct
Ala Gly Asp Gly Thr Phe Gln Lys Trp Ala Ala
260 265 270
gga gag gag cag aga tac acg tgc cat gtg cag
Gly Glu Glu Gln Arg Tyr Thr Cys His Val Gln
280 285
gag ccc ctc atg ctg aga tgg aag cag tct tcc
Glu Pro Leu Met Leu Arg Trp Lys Gln Ser Ser
295 300
atc atg ggt atc gtt gct ggc ctg gtt gte ctt
Ile Met Gly Ile Val Ala Gly Leu Val Val Leu
310 315
gga gct gcg gtec get get gtg ctg tgg aga aag
Gly Ala Ala Val Ala Ala Val Leu Trp Arg Lys
325 330

aaaggaggga gctactctca ggctgcaatg tgaaacagcect

ggactgagtg gcaagtccct ttgtgacttc aagaaccctg
cagcccaccce ctgtgcccac catgacccecte ttectcecatge
atcacctttc ctgttccaga aaaggggctg ggatgtctcc
gtccactgag ctataactta cttctgtatt aaaattagaa
ttcaaattat ttccaagaga gattgatggg ttaattaaag

agagacaaaa taaatggaag acatgagaac ttt

44

255

gtg gtg
Val Vval

cat gag
His Glu

ctg ccc
Leu Pro

gca gct
Ala Ala

320
aag agc

Lys Ser
335

actcctettt
tgaactgcat
gtctctgtcet
tctgagtata

gagaagattc

994

1042

1090

1138

1186

1235

1295

1355

1415

1475

1535

1578
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Met

Leu

Ser

Met

Ala

Val

Thr

Ala

Gly

50

Cys

Val

Leu

Ala

35

Tyr

Pro

Met Ala

Thr Glu

20

Val Ser

Val Asp

Arg Met

Pro

Thr

Arg

Asp

Glu

EP 2 699 593 B1

Arg

Trp

Pro

Thr

55

Pro

Thr

Ala

Gly

40

Gln

Arg

45

Leu

Gly

25

Arg

Phe

Ala

Phe

10

Ser

Gly

Val

Pro

Leu

His

Glu

Arg

Trp

Leu

Ser

Pro

Phe

60

Val

Leu

Met

Arg

45

Asp

Glu

Ser

Arg

30

Phe

Ser

Gln

Gly

15

Tyr

Ile

Asp

Glu

Ala

Phe

Ala

Ser

Gly
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65

Pro

Thr

Glu

Ser

Lys

145

Asp

Ala

His

Pro

Leu

225

Trp

Thr

Val

Gly

Thr
305

Glu

Asp

Ala

Asp

130

Asp

Thr

Glu

Arg

Lys

210

Arg

Gln

Arg

Pro

Leu

290

Ile

Tyr

Arg

Ser

115

Gly

Tyr

Ala

Gln

Tyr

195

Thr

Cys

Arg

Pro

Ser

275

Pro

Pro

Trp

Met

100

Ser

Arg

Leu

Ala

Arg

180

Leu

His

Trp

Asp

Ala

260

Gly

Glu

Ile

Glu

85

Asn

His

Leu

Ala

Gln

165

Arg

Glu

Val

Ala

Gly

245

Gly

Glu

Pro

Met

70

Glu

Leu

Thr

Leu

Leu

150

Ile

Ala

Asn

Thr

Leu

230

Glu

Asp

Glu

Leu

Gly
310
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Glu

Gln

Leu

Arg

135

Asn

Ser

Tyr

Gly

His

215

Gly

Asp

Gly

Gln

Met

295

Ile

Thr

Thr

Gln

120

Gly

Glu

Lys

Leu

Lys

200

His

Phe

Gln

Thr

Arg

280

Leu

Vval

46

Arg

Leu

105

Trp

Tyr

Asp

Arg

Glu

185

Glu

Pro

Tyr

Thr

Phe

265

Tyr

Arg

Ala

Asn

90

Arg

Met

Glu

Leu

Lys

170

Gly

Met

val

Pro

Gln

250

Gln

Thr

Trp

Gly

75

Thr

Gly

Ile

Gln

Arg

155

Cys

Thr

Leu

Phe

Ala

235

Asp

Lys

Cys

Lys

Leu
315

Lys

Tyr

Gly

Tyr

140

Ser

Glu

Cys

Gln

Asp

220

Glu

Val

Trp

His

Gln

300

Val

Ala

Tyr

Cys

125

Ala

Trp

Ala

Val

Arg

205

Tyr

Ile

Glu

Ala

val

285

Ser

val

His

Asn

110

Asp

Tyr

Thr

Ala

Glu

190

Ala

Glu

Ile

Leu

Ala

270

Gln

Ser

Leu

Ala

95

Gln

Leu

Asp

Ala

Asn

175

Trp

Asp

Ala

Leu

Val

255

Val

His

Leu

Ala

80

Gln

Ser

Gly

Gly

Ala

160

Val

Leu

Pro

Thr

Thr

240

Glu

Val

Glu

Pro

Ala
320
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Val Val Thr Gly Ala Ala Val Ala Ala Val Leu Trp Arg Lys Lys Ser

325

Ser Asp

<210> 15

<211> 9232

<212> DNA

<213> Atrtificial Sequence

<220>

EP 2 699 593 B1

330

<223> Vector sequence for human B2M-HLA-A0201 fusion protein

<400> 15

47

335
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ctcgaggagce
ggctcatgtc
tcaattacgg
gtaaatggcc
tatgttccca
cgctaaactg
gacgtcaatg
tttcctactt
tggcagtaca
cccattgacg
cgtaacaact
ataagcagag
gagactctcc
aacactctgce
tcttgttaat
atactttatt
taagtgtgaa
ttccatgaca
atccctaggg
tggctagcag
ttaagagata
actgaaggat

gatttggcca

ttggceccatt
caacattacc
ggtcattagt
cgeectggetg
tagtaacgcc
cccacttgge
acggtaaatg
ggcagtacat
tcaatgggcg
tcaatgggag
ccgecccatt
cttctagatt
aggtttggta
ttatagattg
caataaaccg
aagtaaaagg
ctacacttat
attggcgcecce
acctccgagce
gaagtaatgt
gaaatatacc

ggtggggaca

tgggacaaga

EP 2 699 593 B1

gcatacgttg
gccatgttga
tcatagccca
accgcccaac
aatagggact
agtacatcaa
gcccgectgg
ctacgtatta
tggatagcgg
tttgttttgg
gacgcaaatg
gtacgggagce
agaaatattt
taagggtgat
acttgattcg
atttgtatat
cttaaatgat
aacgtggggce
aagcgagcat
tgaagaatat
aagaaatcct
aattgagaga

aatattagtt

tatccatatc
cattgattat
tatatggagt
gacccccgec
ttccattgac
gtgtatcata
cattatgccc
gtcatcgcecta
tttgactcac
caccaaaatc
ggcggtagge
tcttcactac
tatattgtta
tgcaatgctt
agaacctact
tagccttget
gtaactcctt
tcgaatataa
agcgggaggc
gaacttgatg
ttacatggag
tttcagatgg

tatagtccca

48

ataatatgta
tgactagtta
tcegegttac
cattgacgtc
gtcaatgggt
tgccaagtac
agtacatgac
ttaccatggt
ggggatttcc
aacgggactt
gtgtacggtg
tcgetgegte
taatgttact
tctgcataaa
catatattat
aagggagaca
aggataatca
gtcgggttta
atataaaagc
ttgaagctct
aagttatagg
tacgttgatc

ttgtatctat

catttatatt
ttaatagtaa
ataacttacg
aataatgacg
ggagtattta
gccccectatt
cttatgggac
gatgcggttt
aagtctccac
tccaaaatgt
ggaggtctat
gagagtgtac
atgatccatt
actttggttt
tgtctetttt
tctagtgata
atatacaaaa
tttgtaaatt
caatagacaa
ggttgtaatt
tcttegectt
taaggctatg

gactaaaata

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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caaaaaactc
tatttagaag
attccagatg
gtgttttata
ggcatgggaa
ataccactag
aaaaaagctt
gaaagtgcta
aagcctctta
gacattacta
ggcaatgccce
aaaaaaccaa
tatcccaaac
ggggttaaaa
ttggctcaca
aatatgagaa
gcttccaaca
aaattcttta
gtagttgttg
agcgcaactg
tctgatcaag
atacatttgg
aatagtgata
gacctattgce
actccacatc
cttgacttga
catccatcca
caggagaggg
cttaaggtgt
gtaagtatag
acaatggatc

tgtgactgaa

cactaccaga
atccaagaat
tatatacatc
ctgatggctc
tagtacatgce
gtaatcatac
taaaaatacc
ataaagaatt
aacatatctc
ttcaacatga
tagcagataa
acctggatgce
aatatacata
ttattccccece
ccggacgtga
aggatgtggt
aagcctctgg
ttgactatat
atggaatgac
ttaaatctct
gtgcagcatt
aattcagtac
taaaacgact
ctgttgtaca
aactcttatt
ccagagaaga
cccctecage
tggctaggcece
tgaatccaag
ataatttaaa
atttggaaaa

cagcagaagg
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aagaaaagct
ccaatttcat
tagtcagtct
ggccatcaaa
cacatacaaa
tgctcagatg
tggtcctgta
accatactgg
caaatggaaa
aaaaggcatc
gcttgecacce
agagttggat
ttttttagaa
tcagtcagac
agccactcett
taaacaacta
tcctattcta
tggacctttg
aggattcact
caatgtactc
cacttcttca
tccttatcac
tttaactaaa
acttgcettta
tggtatagat
agaactttct
ctcctctegt
tgcttetttg
gactgttgtt
acctacttct
aaatgaataa

aacaaattat

ttacccatta
tatgataaaa
cctgttaaac
agtcctgatc
cctgaatatc
gctgaaatag
ttagttataa
aaatctaatg
tctattgcetg
agcctacaaa
caaggaagtt
caattattac
gatggcaaag
agacaaaaaa
ttaaaaattg
ggacgctgtce
agaccagata
ccaccttcac
tggttatacc
actagtattg
acctttgcetg
ccccaaagtg
ctgctagtag
aacaacacct
tcaaatactc
cttttacagg
tcetggtete
agacctegtt
attttggacc
catcagaatg
agcgcatgag

actggacatt

49

gatggataac
ccttaccaga
atccttctca
ctacaaaaag
aagttttgaa
ctgcagttga
ctgatagttt
ggtttgttaa
agtgtttatc
taccagtatt
atgtggttaa
agggtcatta
taaaagtttc
ttgtgcttca
ccaaccttta
aacagtgttt
ggcctcaaaa
agggatacct
ccactaaggce
caattccaaa
aatgggcaaa
gtagtaaggt
gaagacccac
atagcccectgt
catttgcaaa
aaattcgtac
ctgttgttgg
ggcataaacc
atcttggcaa
gcaccaccaa
gcacttcaaa

caaaatgaag

atggatgact
acttaagcat
atatgaagga
caataatgct
tcaatggtca
atttgcetgt
ctatgtagca
taataagaaa
tatgaaacca
catactgaaa
ttgtaatacc
tataaaagga
cagacctgaa
agcccacaat
ttggtggcca
aatcacaaat
accttttgat
atatgtatta
tccttctact
ggtgattcac
ggaaagaggt
ggaaaggaaa
aaagtggtat
attaaaatat
tcaagataca
ttctttatac
ccaattggte
gtctactgta
caacagaact
tgacactgca
atacaacaac

aagtacaacc

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300
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aactaggaga
attggcctgg
gactatatcc
gaatgttact
tagaatgcag
tgtatactat
gataacctcg
gagcatgcgce
cacacattcc
ccacttctac
gtgacaaatg
atggaagcgg
ggctcagagg
gcgggegecce
gcegegetgt
tcctaggtga
cgacgacgtc
gcgccacacce
cctcacgege
ggcggtctgg
gcgcatggec
ggcgccgcac
ccaccagggc
cgceggggtyg
gctcggette
gacccgcaag
cacatcgecce
gagaaggtgg
cgagggtggg
cgggtttgcee

tagctgtgcet

gataaattta
atgtttttag
agaatacaat
caaagagctg
catcctgttce
gaaccccatce
agagatctaa
tttagcagcc
acatccaccg
tcctececta
gaagtagcac
gtaggccttt
ctgggaaggg
gaaggtcctc
tctectette
tttaaatcca
ccccgggecg
gtcgaccegg
gtegggctceg
accacgccgg
gagttgagcg
cggcccaagg
aagggtctgg
cccgecttee
accgtcaccg
cccggtgect
acagtcccceg
cgcggggtaa
ggagaaccgt
gccagaacac

cgcgctacte

EP 2 699 593 B1

gatatctgct
tttgtatatt
ggaataagga
tttatcaacc
caaaatatgt
cggcectecgac
ttctacecggg
ccgcectggcecac
gtagcgccaa
gtcaggaagt
gtctcactag
ggggcagcgg
gtgggtccgg
ccgaggcccg
ctcatctceg
ccatgaccga
tacgcaccct
accgccacat
acatcggcaa
agagcgtcga
gttcecegget
agceccgegtg
gcagcgccgt
tggagacctc
ccgacgtcga
gacggatcca
agaagttggg
actgggaaag
atataagtgce
agctgecggece

tctetttetg

ttatacttgt
gttaatcatt
tattcaggta
cttacagact
ggaggtaaat
ggtatcgatg
taggggaggc
ttggcgctac
ccggcetceegt
ttcececcage
tctegtgecag
ccaatagcag
gggcgggcete
gcattctgca
ggcctttega
gtacaagccc
cgccgecgeg
cgagcgggte
ggtgtgggtc
agcgggggcg
ggccgegeag
gttcectggee
cgtgctcecece
cgcgccccge
gtgccecgaag
tcgeteeggt
gggaggggtc
tgatgtcgtg
agtagtcgcc
gcgccgccac

gcetggagge

50

tgtgctacta
gttttggttt
ttaggacctg
agaaggattg
atgactagta
gtaccggtat
gcttttccecceca
acaagtggcc
tetttggtgg
aagctcgegt
atggacagca
ctttgttcct
aggggcgggc
cgcttcaaaa
cctgecagecce
acggtgcgec
ttcgecgact
accgagctge
gcggacgacg
gtgttcgecg
caacagatgg
accgtcggeg
ggagtggagg
aacctcccct
gaccgcgcga
gceccecgtcagt
ggcaattgaa
tactggctcc
gtgaacgttc
catgtctcge

tatccagegt

gctcaagagt
catgctttgt
taatagactg
cacgttcecct
ttccacaagg
cgataagctt
aggcagtctg
tctggecteg
ccecttegeg
cgtgcaggac
ccgctgageca
tcgetttetg
tcaggggcgg
gcgcacgtcet
gggggatcga
tcgccacceg
accccgecac
aagaactctt
gcgecgeggt
agatcggccce
aaggcctcect
tctecgececga
cggccgagcg
tctacgagcg
cctggtgecat
gggcagagcg
ccggtgecta
gcctttttee
tttttecgecaa
tcegtggect

actccaaaga

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160



10

15

20

25

30

35

40

45

50

55

ttcaggttta
tgtctgggtt
aaaaagtgga
acactgaatt
tgtcacagce
gcggatcegg
tcttcacatc
tggacgacac
gggcgcegtg
aggcccactce
gcgaggccgg
gctteceteceg
aggacctgecg
aggcggccca
tccgcagata
atatgactca
tctaccctge
cggagctegt
tggtgeccette
agcccctcac
ttgctggect
ggaggaggaa
gtgcccaggg
atcaggcgeg
aggagagggt
gggaaggagg
atgagagaca
gggctactaa
cgagactctc
taacactctg
ttcttgttaa

tatactttat

ctcacgtcat
tcatccatcce
gcattcagac
cacccccact
caagatagtt
cggaggcgga
cgtgtcccegg
gcagttcgtg
gatagagcag
acagactcac
ttctcacacc
cgggtaccac
ctecttggacce
tgtggcggag
cctggagaac
ccacgctgtce
ggagatcaca
ggagaccagg
tggacaggag
cctgagatgg
ggttctettt
gagctcagat
ctctgatgtg
ccgttaccaa
gtggtggaat
tgaagaacct
caaggttctt
ctctagattg
caggtttggt
cttatagatt
tcaataaacc

taagtaaaag

EP 2 699 593 B1

ccagcagaga
gacattgaag
ttgtcttteca
gaaaaagatg
aagtgggatc
agcggcggcg
cccggecgeg
cggttecgaca
gagggtccgg
cgagtggacc
gtccagagga
cagtacgcct
gcggcggaca
cagttgagag
gggaaggaga
tctgaccatg
ctgacctggce
cctgcagggyg
cagagataca
gagccgtcett
ggagctgtga
agaaaaggag
tctctcecacag
gcagctatgg
gtcactagaa
cattacccaa
aaattgtcct
tacgggagct
aagaaatatt
gtaagggtga
gacttgattc

gatttgtata

atggaaagtc
ttgacttact
gcaaggactg
agtatgcctg
gagacatggg
ggggaagcgg
gggagccccg
gcgacgccge
agtattggga
tggggaccct
tgtatggcectg
acgacggcaa
tggcagctca
cctacctgga
cgctgcageg
aagccaccct
agcgggatgg
atggaacctt
cctgeccatgt
cccagcccac
tcactggagce
ggagctactc
cttgtaaagt
aagcttatgg
accagggaaa
atactcctge
cattcgctac
ctcttcacta
ttatattgtt
ttgcaatgct
gagaacctac

ttagcettge

51

aaatttcctg
gaagaatgga
gtctttctat
ccgtgtgaac
cggaggcgga
ctctcactcc
cttcatcgca
gagccagagg
cggggagaca
gcgecggctac
cgacgtgggg
ggattacatc
gaccaccaag
gggcacgtge
cacggacgcc
gaggtgctgg
ggaggaccag
ccagaagtgg
gcagcatgag
catccccatc
tgtggtcget
tcaggctgceca
gtgagcggcece
acctcagaga
acaaggagga
tcctcataga
tccctetgac
ctcgetgegt
ataatgttac
ttctgcataa
tcatatatta

taagggagac

aattgctatg
gagagaattg
ctcttgtact
catgtgactt
agcgggggcyg
atgaggtatt
gtgggctacg
atggagccge
cggaaagtga
tacaaccaga
tcggactgge
gccctgaaag
cacaagtggg
gtggagtggce
cccaaaacgc
gcecctgaget
acccaggaca
gcggctgtgg
ggtttgccca
gtgggcatca
gctgtgatgt
agcagtgaca
gcgactctag
ggaagtaacg
gagtattaca
cgtacctggg
atccaacgct
cgagagtgta
tatgatccat
aactttggtt
ttgtctettt

atctagtgat

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080
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ataagtgtga
attccatgac
gcggggagag
cgcteggteg
tccacagaat
aggaaccgta
catcacaaaa
caggcgtttce
ggatacctgt
aggtatctca
gttcagceccg
cacgacttat
ggcggtgceta
tttggtatct
tccggcaaac
cgcagaaaaa
tggaacgaaa
tagatccttt
tggtctgaca
cgttcatcca
ccatctggcee
tcagcaataa
gcctccatcce
agtttgcgca
atggcttcat
tgcaaaaaag
gtgttatcac
agatgcetttt
cgaccgagtt
ttaaaagtgc

ctgttgagat

actacactta
aattggcgat
gcggtttgeg
ttcggectgeg
caggggataa
aaaaggccgce
atcgacgctce
cccctggaag
ccgectttet
gttcggtgta
accgcetgege
cgccactgge
cagagttctt
gcgcectcetget
aaaccaccgc
aaggatctca
actcacgtta
taaattaaaa
gttaccaatg
tagttgecectg
ccagtgetge
accagccagc
agtctattaa
acgttgttge
tcagctcegg
cggttagcectce
tcatggttat
ctgtgactgg
gctcttgecee
tcatcattgg

ccagttcgat
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tcttaaatga
accgtcgacce
tattgggecge
gcgagcggta
cgcaggaaag
gttgctggcg
aagtcagagg
ctcectegtg
ccetteggga
ggtcgttege
cttatccggt
agcagccact
gaagtggtgg
gaagccagtt
tggtageggt
agaagatcct
agggattttg
atgaagtttt
cttaatcagt
actcceccegte
aatgataccg
cggaagggcc
ttgttgccgg
cattgctaca
ttcccaacga
ctteggtcect
ggcagcactg
tgagtactca
ggcgtcaata
aaaacgttct

gtaacccact

tgtaactcct
gttcagectge
tctteegett
tcagctcact
aacatgtgag
tttttccata
tggcgaaacc
cgctctectg
agcgtggege
tccaagctgg
aactatcgtc
ggtaacagga
cctaactacg
accttcggaa
ggtttttttg
ttgatctttt
gtcatgagat
aaatcaatct
gaggcaccta
gtgtagataa
cgagacccac
gagcgcagaa
gaagctagag
ggcatcgtgg
tcaaggcgag
ccgategttg
cataattctc
accaagtcat
cgggataata

tcggggegaa

cgtgcaccca

52

taggataatc
attaatgaat
cctcgectcecac
caaaggcggt
caaaaggcca
ggctccgece
cgacaggact
ttccgaccect
tttctcaatg
gctgtgtgca
ttgagtccaa
ttagcagagc
gctacactag
aaagagttgg
tttgcaagca
ctacggggtc
tatcaaaaag
aaagtatata
tctcagcgat
ctacgatacg
gctcaccgge
gtggtcctge
taagtagttc
tgtcacgctc
ttacatgatc
tcagaagtaa
ttactgtcat
tctgagaata
ccgcgccaca
aactctcaag

actgatcttc

aatatacaaa
cggccaacgce
tgactcgcetg
aatacggtta
gcaaaaggcc
ccctgacgag
ataaagatac
gccgcttacce
ctcacgcetgt
cgaacccccce
cccggtaaga
gaggtatgta
aaggacagta
tagctcttga
gcagattacg
tgacgctcag
gatcttcacc
tgagtaaact
ctgtctattt
ggagggctta
tccagattta
aactttatcc
gccagttaat
gtcgtttggt
ccccatgttg
gttggccgceca
gccatcegta
gtgtatgcgg
tagcagaact
gatcttaccg

agcatctttt

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940
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actttcacca gcgtttctgg
ataagggcga cacggaaatg
atttatcagg gttattgtct
caaatagggg ttccgcgcac

attatcatga cattaaccta

<210> 16

<211> 480

<212> PRT

<213> Atrtificial Sequence

<220>

EP 2 699 593 B1

gtgagcaaaa acaggaaggc
ttgaatactc atactcttcce
catgagcgga tacatatttg
atttcccecga aaagtgccac

taaaaatagg cgtatcacga

<223> HLA-bBA0201 (human B2M-HLA-A0201 fusion peptide)

<400> 16

53

aaaatgccgce
tttttcaata
aatgtattta
ctgacgtcta

ggcccttteg

aaaaaaggga
ttattgaagc
gaaaaataaa
agaaaccatt

tc

9000

9060

9120

9180

9232
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Met

Gly

His

Gly

Arg

Ser

Glu

Val

Ser

Arg

145

Phe

Ser

Leu

Pro

Phe

50

Ile

Phe

Tyr

Lys

Gly

130

Tyr

Ile

Arg

Glu

Ala

35

His

Glu

Tyr

Ala

Trp

115

Gly

Phe

Ala

Ser

Ala

20

Glu

Pro

Lys

Leu

Cys

100

Asp

Gly

Phe

Val

Val

Ile

Asn

Ser

Val

Leu

85

Arg

Arg

Gly

Thr

Gly
165

Ala

Gln

Gly

Asp

Glu

70

Tyr

Val

Asp

Ser

Ser

150

Tyr

EP 2 699 593 B1

Leu

Arg

Lys

Ile

55

His

Tyr

Asn

Met

Gly

135

Val

Val

Ala Val Leu Ala

Thr

Ser

40

Glu

Ser

Thr

His

Gly

120

Gly

Ser

Asp

54

Pro

25

Asn

Val

Asp

Glu

Val

105

Gly

Gly

Arg

Asp

10

Lys

Phe

Asp

Leu

Phe

90

Thr

Gly

Gly

Pro

Thr
170

Ile

Leu

Leu

Ser

75

Thr

Leu

Gly

Ser

Gly

155

Gln

Leu

Gln

Asn

Leu

60

Phe

Pro

Ser

Ser

Gly

140

Arg

Phe

Leu

Val

Cys

45

Lys

Ser

Thr

Gln

Gly

125

Ser

Gly

Val

Ser

Tyr

30

Tyr

Asn

Lys

Glu

Pro

110

Gly

His

Glu

Arg

Leu

15

Ser

Val

Gly

Asp

Lys

95

Lys

Gly

Ser

Pro

Phe
175

Ser

Arg

Ser

Glu

Trp

Asp

Ile

Gly

Met

Arg

160

Asp
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Ser

Gln

His

Asn

225

Asp

Tyr

Thr

Ala

Glu

305

Thr

Glu

Thr

Leu

Ala

385

Gln

Ser

Asp

Glu

Ser

210

Gln

Val

Asp

Ala

His

290

Trp

Asp

Ala

Leu

Val

370

Val

His

Gln

Ala

Gly

195

Gln

Ser

Gly

Gly

Ala

275

Val

Leu

Ala

Thr

Thr

355

Glu

Val

Glu

Pro

Ala

180

Pro

Thr

Glu

Ser

Lys

260

Asp

Ala

Arg

Pro

Leu

340

Trp

Thr

Val

Gly

Thr

Ser

Glu

His

Ala

Asp

245

Asp

Met

Glu

Arg

Lys

325

Arg

Gln

Arg

Pro

Leu

405

Ile

Gln

Tyr

Arg

Gly

230

Trp

Tyr

Ala

Gln

Tyr

310

Thr

Cys

Arg

Pro

Ser

390

Pro

Pro

EP 2 699 593 B1

Arg

Trp

Val

215

Ser

Arg

Ile

Ala

Leu

295

Leu

His

Trp

Asp

Ala

375

Gly

Lys

Ile

Met

Asp

200

Asp

His

Phe

Ala

Gln

280

Arg

Glu

Met

Ala

Gly

360

Gly

Gln

Pro

Val

55

Glu

185

Gly

Leu

Thr

Leu

Leu

265

Thr

Ala

Asn

Thr

Leu

345

Glu

Asp

Glu

Leu

Gly

Pro

Glu

Gly

Val

Arg

250

Lys

Thr

Tyr

Gly

His

330

Ser

Asp

Gly

Gln

Thr

410

Ile

Arg

Thr

Thr

Gln

235

Gly

Glu

Lys

Leu

Lys

315

His

Phe

Gln

Thr

Arg

395

Leu

Ile

Ala

Arg

Leu

220

Arg

Tyr

Asp

His

Glu

300

Glu

Ala

Tyr

Thr

Phe

380

Tyr

Arg

Ala

Pro

Lys

205

Arg

Met

His

Leu

Lys

285

Gly

Thr

Val

Pro

Gln

365

Gln

Thr

Trp

Gly

Trp

130

Vval

Gly

Tyr

Gln

Arg

270

Trp

Thr

Leu

Ser

Ala

350

Asp

Lys

Cys

Glu

Leu

Ile

Lys

Tyr

Gly

Tyr

255

Ser

Glu

Cys

Gln

Asp

335

Glu

Thr

Trp

His

Pro

415

Val

Glu

Ala

Tyr

Cys

240

Ala

Trp

Ala

vVal

Arg

320

His

Ile

Glu

Ala

Val

400

Ser

Leu
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420

Phe Gly Ala Val TIle Thr Gly Ala Val Val Ala

435

Arg Lys Ser Ser Asp Arg Lys Gly Gly Ser Tyr

450

Ser Asp Ser Ala Gln Gly Ser Asp Val Ser Leu

465

<210> 17

<211> 9224

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Vector sequence for HLA-gBE

<400> 17

470

EP 2 699 593 B1

455

440

56

425

475

430

Ala Val Met Trp Arg
445

Ser Gln Ala Ala Ser
460

Thr Ala Cys Lys Val
480
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ctcgaggagce
ggctcatgtc
tcaattacgg
gtaaatggcc
tatgttccca
cgctaaactg
gacgtcaatg
tttcctactt
tggcagtaca
cccattgacg
cgtaacaact
ataagcagag
gagactctcc
aacactctgce
tcttgttaat
atactttatt
taagtgtgaa
ttccatgaca
atccctaggg

aggaagtaat

ttggceccatt
caacattacc
ggtcattagt
cgeectggetg
tagtaacgcc
cccacttgge
acggtaaatg
ggcagtacat
tcaatgggcg
tcaatgggag
ccgecccatt
cttctagatt
aggtttggta
ttatagattg
caataaaccg
aagtaaaagg
ctacacttat
attggcgcecce
acctccgagce

gttgaagaat

EP 2 699 593 B1

gcatacgttg
gccatgttga
tcatagccca
accgcccaac
aatagggact
agtacatcaa
gcccgectgg
ctacgtatta
tggatagcgg
tttgttttgg
gacgcaaatg
gtacgggagce
agaaatattt
taagggtgat
acttgattcg
atttgtatat
cttaaatgat
aacgtggggce
atagcgggag

atgaacttga

tatccatatc
cattgattat
tatatggagt
gacccccgec
ttccattgac
gtgtatcata
cattatgccc
gtcatcgcecta
tttgactcac
caccaaaatc
ggcggtagge
tcttcactac
tatattgtta
tgcaatgctt
agaacctact
tagccttget
gtaactcctt
tcgaatataa
gcatataaaa

tgttgaagct

57

ataatatgta
tgactagtta
tcegegttac
cattgacgtc
gtcaatgggt
tgccaagtac
agtacatgac
ttaccatggt
ggggatttcc
aacgggactt
gtgtacggtg
tcgetgegte
taatgttact
tctgcataaa
catatattat
aagggagaca
aggataatca
gtcgggttta
gccaatagac

ctggttgtaa

catttatatt
ttaatagtaa
ataacttacg
aataatgacg
ggagtattta
gccccectatt
cttatgggac
gatgcggttt
aagtctccac
tccaaaatgt
ggaggtctat
gagagtgtac
atgatccatt
actttggttt
tgtctetttt
tctagtgata
atatacaaaa
tttgtaaatt
aatggctagc

ttttaagaga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200
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tagaaatata
atggtgggga
catgggacaa
tccactacca
agatccaaga
tgtatataca
tactgatggce
aatagtacat
aggtaatcat
tttaaaaata
taataaagaa
taaacatatc
tattcaacat
cctagcagat
aaacctggat
acaatataca
aattattccc
caccggacgt
aaaggatgtg
caaagcctct
tattgactat
tgatggaatg
tgttaaatct
aggtgcagca
ggaattcagt
tataaaacga
gcctgttgta
tcaactctta
gaccagagaa
cacccctcca

ggtggctagg

ccaagaaatc
caaattgaga
gaaatattag
gaaagaaaag
atccaatttce
tctagtcagt
tcggccatca
gccacataca
actgctcaga
cctggtectg
ttaccatact
tccaaatgga
gaaaaaggca
aagcttgcca
gcagagttgg
tattttttag
cctcagtcag
gaagccactc
gttaaacaac
ggtcctattce
attggacctt
acaggattca
ctcaatgtac
ttcacttctt
actccttatce
cttttaacta
caacttgcett
tttggtatag
gaagaacttt
gcctectcete

cctgettett

EP 2 699 593 B1

ctttacatgg
gatttcagat
tttatagtcce
ctttacccat
attatgataa
ctcctgttaa
aaagtcctga
aacctgaata
tggctgaaat
tattagttat
ggaaatctaa
aatctattgce
tcagcctaca
cccaaggaag
atcaattatt
aagatggcaa
acagacaaaa
ttttaaaaat
taggacgctg
taagaccaga
tgccacctte
cttggttata
tcactagtat
caacctttgce
acccccaaag
aactgctagt
taaacaacac
attcaaatac
ctcttttaca
gttecectggte

tgagacctcg

agaagttata
ggtacgttga
cattgtatct
tagatggata
aaccttacca
acatccttcet
tcctacaaaa
tcaagttttg
agctgcagtt
aactgatagt
tgggtttgtt
tgagtgttta
aataccagta
ttatgtggtt
acagggtcat
agtaaaagtt
aattgtgctt
tgccaacctt
tcaacagtgt
taggcctcaa
acagggatac
ccccactaag
tgcaattcca
tgaatgggca
tggtagtaag
aggaagaccc
ctatagccect
tccatttgeca
ggaaattcgt
tcetgttgtt

ttggcataaa

58

ggtcttcgee
tctaaggcta
atgactaaaa
acatggatga
gaacttaagc
caatatgaag
agcaataatg
aatcaatggt
gaatttgecct
ttctatgtag
aataataaga
tctatgaaac
ttcatactga
aattgtaata
tatataaaag
tccagacctg
caagcccaca
tattggtggce
ttaatcacaa
aaaccttttg
ctatatgtat
gctcecttcta
aaggtgattc
aaggaaagag
gtggaaagga

acaaagtggt

gtattaaaat
aatcaagata
acttctttat
ggccaattgg

ccgtctactg

ttactgaagg
tggatttggce
tacaaaaaac
cttatttaga
atattccaga
gagtgtttta
ctggcatggg
caataccact
gtaaaaaagc
cagaaagtgc
aaaagcctct
cagacattac
aaggcaatgce
ccaaaaaacc
gatatcccaa
aaggggttaa
atttggctca
caaatatgag
atgcttccaa
ataaattctt
tagtagttgt
ctagcgcaac
actctgatca
gtatacattt
aaaatagtga
atgacctatt
atactccaca
cacttgactt
accatccatc
tccaggagag

tacttaaggt

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060
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gttgaatcca
agataattta
tcatttggaa
aacagcagaa
gagataaatt
ggatgttttt
ccagaataca
ctcaaagagc
agcatcctgt
atgaacccca
cgagagatct
gctttagcag
ccacatccac
actcctcececcce
tggaagtagc
gggtaggcct
ggctgggaag
ccgaaggtce
gttctectcet
gatttaaatc
tceceeeggge
ccgtegaccece
gcgtegggcet
ggaccacgcce
ccgagttgag
accggcccaa
gcaagggtct
tgceegectt
tcaccgtcac
agcccggtge
ccacagtccc

ggcgcggggt

aggactgttg
aaacctactt
aaaaatgaat
ggaacaaatt
tagatatctg
agtttgtata
atggaataag
tgtttatcaa
tccaaaatat
tceggecteg
aattctaccg
ccececgetgge
cggtagecgece
tagtcaggaa
acgtctcact
ttggggcage
gggtgggtcc
tcececgaggece
tcctcatcte
caccatgacc
cgtacgcacc
ggaccgccac
cgacatcggce
ggagagcgtc
cggtteecegg
ggagcccegeg
gggcagcgcce
cctggagacce
cgccgacgte
ctgacggatc
cgagaagttg

aaactgggaa

EP 2 699 593 B1

ttattttgga
ctcatcagaa
aaagcgcatg
atactggaca
ctttatactt
ttgttaatca
gatattcagg
cccttacaga
gtggaggtaa
acggtatcga
ggtaggggag
acttggecget
aaccggctcee
gtttceccceca
agtctegtge
ggccaatagce
gggggcgggc
cggcattcetg
cgggccttte
gagtacaagc
ctcgeegecg
atcgagcggg
aaggtgtggg
gaagcggggg
ctggecegege
tggttcctgg
gtcgtgctcce
tcegegeccee
gagtgcccga
catcgcectceeg

g9999ag99g

agtgatgtcg

ccatcttgge
tggcaccacc
aggcacttca
ttcaaaatga
gttgtgctac
ttgttttggt
tattaggacc
ctagaaggat
atatgactag
tggtaccggt
gcgcettttee
acacaagtgg
gttctttggt
gcaagctcge
agatggacag
agctttgttc
tcaggggcgg
cacgcttcaa
gacctgcagce
ccacggtgeg
cgttegecga
tcaccgagcet
tcgeggacga
cggtgttcge
agcaacagat
ccaccgtegg
ccggagtgga
gcaacctccce
aggaccgcgce
gtgcecegtcea
tcggcaattg

tgtactggcet

59

aacaacagaa
aatgacactg
aaatacaaca
agaagtacaa
tagctcaaga
ttcatgcettt
tgtaatagac
tgcacgttcecce
tattccacaa
atcgataagce
caaggcagtc
cctetggect
ggccccectteg
gtcgtgecagg
caccgctgag
cttegettte
gctcaggggce
aagcgcacgt
ccgggggatc
cctegecace
ctaccecegece
gcaagaactc
cggcgccgceg
cgagatcgge
ggaaggcctc
cgtctegece
ggcggcecgag
cttctacgag
gacctggtge
gtgggcagag
aaccggtgec

ccgeettttt

ctgtaagtat
caacaatgga
actgtgactg
ccaactagga
gtattggcct
gtgactatat
tggaatgtta
cttagaatgce
ggtgtatact
ttgataacct
tggagcatgce
cgcacacatt
cgccacttcet
acgtgacaaa
caatggaagc
tgggctcaga
gggcgggcge
ctgececgeget
gatcctaggt
cgcgacgacg
acgcgccaca
ttectcacge
gtggcggtct
ccgegcatgg
ctggegecge
gaccaccagg
cgcgecgggg
cggctegget
atgacccgceca
cgcacatcge
tagagaaggt

cccgagggtg

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980
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ggggagaacc

ccgccagaac
cctgetgetg
tcaggtgtac
gtctgggttt
aaaagtcgag
taccgagttt
gagccagccc
cgggagcgga
ccacacttcc
ggacgacacc
ggcgeegtygg
ggacaccgca
cgaggccggg
cttcctecge
ggacctgcgce
tgatgcctcet
ccacaaatac
cgtgactcac
ctacccectgeg
ggagctcgtg
ggtgccttet
gcccgtcacc
tgctggectg
gaggaagaag
tgceccagggg
gcgecgttac
ggtgtggtgg
aggtgaagaa
acacaaggtt

taactctaga

gtatataagt
acagctgegg
agtggggctc
agcagacacc
catcccagtg
cactctgacc
actccaaccg
aagatcgtga
ggcgggggcet
gtgtccecgge
cagttcgtgce
atggagcagg
cagattttcc
tctcacacce
gggtatgaac
tcctggaccg
gaggcggage
ctggagaagg
caccccatct
gagatcacac
gagaccaggc
ggagaggagc
ctgagatgga
gttctccttg
agctcaggtg
tctgagtctc
caagcagcta
aatgtcacta
cctcattacc
cttaaattgt

ttgtacggga
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gcagtagtcg
ccgegttaac
tgaccctgac
ctgcagagaa
acatcgaagt
tgagcttcte
aaaaagacga
aatgggaccg
ccggeggggyg
ccggecgegg
gcttcgacaa
aggggtcaga
gagtgaatct
tgcagtggat
agttcgcecta
cggtggacac
accagagagc
ggaaggagac
ctgaccatga
tgacctggca
ctgcagggga
agagatacac
agccggcette
gatctgtggt
gaaaaggagg
acagcttgta
tggaagctta
gaaaccaggg
caaatactcc
cctecattcge

ggctcttcac

ccgtgaacgt
catggtggtc
agagtccgga
cggcaaatcc
cgatctgcetg
caaggattgg
gtatgcctgt
cgatatgggc
aggatccggt
ggagccccgce
cgacgccgceg
gtattgggac
gcggacgetg
gcatggctge
cgacggcaag
ggcggctcag
ctacctggaa
gctgcecttcac
ggccaccctg
gcaggatggg
tggaaccttc
gtgccatgtg
ccagcccacc
ctctggagcet
gagctactct
atctagagcg
tggacctcag
aaaacaagga
tgctcctceat
tactccctct

tactcgcetge

60

tctttttege
atggcccecctce
atccagcgga
aacttcctga
aagaatggcg
tccttttace
agggtgaacc
gggggaggct
tctcactcecct
ttcatctctg
agtccgagga
cgggagacac
cgcggctact
gagctgggge
gattatctca
atctccgage
gacacatgcg
ctggagcceccce
aggtgctggg
gagggccata
cagaagtggg
cagcatgagg
atccccatcg
gtggttgctg
aaggctgagt
gccgcegacte
agaggaagta
ggagagtatt
agacgtacct

gacatccaac

gtcgagagtg

aacgggtttg
gaactctgtt
cccccaagat
attgctatgt
agagaattga
tgctgtacta
atgtcacact
cagggggagg
tgaagtattt
tgggctacgt
tggtgcecgeg
ggagcgcecag
acaatcagag
ccgacgggceg
ccctgaatga
aaaagtcaaa
tggagtggct
caaagacaca
ccectgggett
cccaggacac
cagctgtggt
ggctacccga
tgggcatcat
ctgtgatatg
ggagcgacag
tagatcaggc
acgaggagag
acagggaagg
gggatgagag
gctggactac

tacgagactc

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840



10

15

20

25

30

35

40

45

50

55

tccaggtttg
tgcttataga
aatcaataaa
attaagtaaa
gaactacact
acaattggcg
aggcggtttg
cgttecggetg
atcaggggat
taaaaaggcc
aaatcgacgc
tceceecetgga
gtcecgecttt
cagttcggtg
cgaccgctge
atcgccactg
tacagagttc
ctgcgetetg
acaaaccacc
aaaaggatct
aaactcacgt
tttaaattaa
cagttaccaa
catagttgcecc
ccccagtget
aaaccagcca
ccagtctatt
caacgttgtt
attcagctcc
agcggttagce
actcatggtt

ttctgtgact

gtaagaaata
ttgtaagggt
ccgacttgat
aggatttgta
tatcttaaat
ataccgtcga
cgtattgggce
cggcgagegg
aacgcaggaa
gcgttgetgg
tcaagtcaga
agctccecteg
ctececttegg
taggtcgttce
gccttatceceg
gcagcagcca
ttgaagtggt
ctgaagccag
gctggtagceg
caagaagatc
taagggattt
aaatgaagtt
tgcttaatca
tgactcccecg
gcaatgatac
gccggaaggg
aattgttgcc
gccattgcecta
ggttcccaac
tcetteggte
atggcagcac

ggtgagtact
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ttttatattg
gattgcaatg
tcgagaacca
tattagccett
gatgtaactc
ccgttecaget
gctcttcege
tatcagctca
agaacatgtg
cgtttttcceca
ggtggcgaaa
tgecgectcetee
gaagcgtgge
gctccaagcet
gtaactatcg
ctggtaacag
ggcctaacta
ttaccttegg
gtggtttttt
ctttgatctt
tggtcatgag
ttaaatcaat
gtgaggcacc
tcgtgtagat
cgcgagaccc
ccgagcgcag
gggaagctag
caggcatcgt
gatcaaggcg
ctcecgatcgt
tgcataattc

caaccaagtc

ttataatgtt
ctttectgeat
actcctatat
gctaagggag
cttaggataa
gcattaatga
ttcctegetce
ctcaaaggcg
agcaaaaggc
taggctcege
cccgacagga
tgttcecgace
gctttcectcaa
gggctgtgtg
tcttgagtcee
gattagcaga
cggctacact
aaaaagagtt
tgtttgcaag
ttctacgggg
attatcaaaa
ctaaagtata
tatctcagceg
aactacgata
acgctcaccg
aagtggtcct
agtaagtagt
ggtgtcacgce
agttacatga
tgtcagaagt
tcttactgtce

attctgagaa

61

actatgatcc
aaaactttgg
tattgtctcet
acatctagtg
tcaatataca
atcggccaac
actgactcgc
gtaatacggt
cagcaaaagg
ccecectgacg
ctataaagat
ctgecegetta
tgctcacget
cacgaacccce
aacccggtaa
gcgaggtatg
agaaggacag
ggtagcectctt
cagcagatta
tctgacgetce
aggatcttca
tatgagtaaa
atctgtctat
cgggagggct
gctccagatt
gcaactttat
tcgccagtta
tcgtegtttg
tcecececatgt
aagttggccg
atgccatccg

tagtgtatgc

attaacactc
ttttcttgtt
tttatacttt
atataagtgt
aaattccatg
gcgeggggag
tgcgctcggt
tatccacaga
ccaggaaccg
agcatcacaa
accaggcegtt
ccggatacct
gtaggtatct
ccgttcagee
gacacgactt
taggcggtgce
tatttggtat
gatcecggcaa
cgcgcagaaa
agtggaacga
cctagatcct
cttggtctga
ttcgttcatce
taccatctgg
tatcagcaat
ccgectecat
atagtttgeg
gtatggctte
tgtgcaaaaa
cagtgttatc

taagatgctt

ggcgaccgag

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760
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ttgctettge
gctcatcatt
atccagttcg
cagcgtttct
gacacggaaa
gggttattgt
ggttcecgege

gacattaacc

<210> 18
<211> 476
<212> PRT

ccggcgtcaa
ggaaaacgtt
atgtaaccca
gggtgagcaa
tgttgaatac
ctcatgagcg
acatttcccce

tataaaaata

<213> Atrtificial Sequence

<220>

<223> HLA-gBE

<400> 18

Met

1

Thr

His

Gly

Ala

Glu

Pro

Phe

Pro Arg

Ser Gly

20

Ala
35

Glu

His Pro

50

Arg

65

Ser

Glu

Val

Ser

Ile

Phe

Tyr

Lys

Gly

Glu Lys

Tyr Leu

Ala Cys

100

Trp
115

Asp

Gly Gly

130
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tacgggataa
cttecggggeg
ctecgtgecacce
aaacaggaag
tcatactctt
gatacatatt
gaaaagtgcc

ggcgtatcac

Thr Leu Phe

Ile Gln Arg

Asn Gly Lys

Ile
55

Ser Asp

Val Glu

70

His

Leu
85

Tyr Tyr

Arg Val Asn

Arg Asp Met

Gly Ser Gly

135

taccgecgeca
aaaactctca
caactgatct
gcaaaatgcc
cctttttcaa
tgaatgtatt
acctgacgtc

gaggcccttt

Leu Leu

Thr Pro

25

Ser Asn

40

Glu Vval

Ser Asp
Thr

Glu

Val
105

His

Gly
120

Gly

Gly Gly

62

Leu

10

Lys

Phe

Asp

Leu

Phe

90

Thr

Gly

Gly

catagcagaa
aggatcttac
tcagcatctt
gcaaaaaagg
tattattgaa
tagaaaaata
taagaaacca

cgte

Ser Gly

Ile

Gln

Leu Asn

Ala

Val

Cys

ctttaaaagt
cgctgttgag
ttactttcac
gaataagggc
gcatttatca
aacaaatagg

ttattatcat

Thr
15

Leu

Tyr Ser

30

Tyr Val

45

Leu
60

Leu

Ser Phe

75

Thr Pro

Ser

Leu

Gly Ser

Lys

Ser

Thr

Gln

Gly

Asn Gly

Lys Asp

Glu Lys

95

Pro
110

Lys

Gly Gly

125

Ser Gly

140

Ser

His Ser

Leu

Arg

Ser

Glu

Trp

80

Asp

Ile

Gly

Leu

8820

8880

8940

9000

9060

9120

9180

9224
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Lys

145

Phe

Asn

Gln

Thr

Asn

225

Glu

Tyr

Thr

Ala

Glu

305

Leu

Glu

Thr

Leu

Ala
385

Tyr

Ile

Asp

Glu

Ala

210

Gln

Leu

Asp

Ala

Ser

290

Trp

Glu

Ala

Leu

Val

370

Val

Phe

Ser

Ala

Gly

195

Gln

Ser

Gly

Gly

vVal

275

Glu

Leu

Pro

Thr

Thr

355

Glu

Val

His

Val

Ala

180

Ser

Ile

Glu

Pro

Lys

260

Asp

Ala

His

Pro

Leu

340

Trp

Thr

Val

Thr

Gly

165

Ser

Glu

Phe

Ala

Asp

245

Asp

Thr

Glu

Lys

Lys

325

Arg

Gln

Arg

Pro

Ser

150

Tyr

Pro

Tyr

Arg

Gly

230

Gly

Tyr

Ala

His

Tyr

310

Thr

Cys

Gln

Pro

Ser
390
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Val

Val

Arg

Trp

Val

215

Ser

Arg

Leu

Ala

Gln

295

Leu

His

Trp

Asp

Ala

375

Gly

Ser Arg Pro

Asp

Met

Asp

200

Asn

His

Phe

Thr

Gln

280

Arg

Glu

vVal

Ala

Gly

360

Gly

Glu

63

Asp

Vval

185

Arg

Leu

Thr

Leu

Leu

265

Ile

Ala

Lys

Thr

Leu

345

Glu

Asp

Glu

Thr

170

Pro

Glu

Arg

Leu

Arg

250

Asn

Ser

Tyr

Gly

His

330

Gly

Gly

Gly

Gln

Gly

155

Gln

Arg

Thr

Thr

Gln

235

Gly

Glu

Glu

Leu

Lys

315

His

Phe

His

Thr

Arg
395

Arg

Phe

Ala

Arg

Leu

220

Trp

Tyr

Asp

Gln

Glu

300

Glu

Pro

Tyr

Thr

Phe

380

Tyr

Gly

Val

Pro

Ser

205

Arg

Met

Glu

Leu

Lys

285

Asp

Thr

Ile

Pro

Gln

365

Gln

Thr

Glu

Arg

Trp

190

Ala

Gly

His

Gln

Arg

270

Ser

Thr

Leu

Ser

Ala

350

Asp

Lys

Cys

Pro

Phe

175

Met

Arg

Tyr

Gly

Phe

255

Ser

Asn

Cys

Leu

Asp

335

Glu

Thr

Trp

His

Arg

160

Asp

Glu

Asp

Tyr

Cys

240

Ala

Trp

Asp

Val

His

320

His

Ile

Glu

Ala

vVal
400
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Gln

Ser

Leu

Lys

His

Gln

Gly

Lys

Glu Gly

Thr
420

Pro

Ser Val

435

Ser Ser

450

Ser
465

<210> 19
<211> 9287
<212> DNA

Asp

Ser Ala

<213> Atrtificial Sequence

<220>

EP 2 699 593 B1

Leu Pro

405

Ile Pro Ile

Val Ser Gly

Gly Gly Lys

455

Gln Gly Ser

470

<223> Vector sequence for HLA-bGBE

<400> 19

ctcgaggagce
ggctcatgtc
tcaattacgg
gtaaatggcc
tatgttccca
cgctaaactg
gacgtcaatg
tttcctactt
tggcagtaca
cccattgacg
cgtaacaact
ataagcagag
gagactctcc
aacactctgce
tcttgttaat

atactttatt

ttggceccatt
caacattacc
ggtcattagt
cgeectggetg
tagtaacgcc
cccacttgge
acggtaaatg
ggcagtacat
tcaatgggcg
tcaatgggag
ccgecccatt
cttctagatt
aggtttggta
ttatagattg
caataaaccg

aagtaaaagg

gcatacgttg
gccatgttga
tcatagccca
accgcccaac
aatagggact
agtacatcaa
gcccgectgg
ctacgtatta
tggatagcgg
tttgttttgg
gacgcaaatg
gtacgggagce
agaaatattt
taagggtgat
acttgattcg

atttgtatat

Glu Pro Val Thr

Leu

410

Val
425

Ala
440

Gly

Glu

tatccatatc
cattgattat
tatatggagt
gacccccgec
ttccattgac
gtgtatcata
cattatgccc
gtcatcgcecta
tttgactcac
caccaaaatc
ggcggtagge
tcttcactac
tatattgtta
tgcaatgctt
agaacctact

tagccttget

64

Gly Ile

Val Vval

Gly Ser

Ser His

Ile Ala

Ala Ala

Arg Trp Lys

Gly Leu

Val Ile

Pro
415

Val
430

Trp

445

Ser
460

Tyr

Ser Leu

475

ataatatgta
tgactagtta
tcegegttac
cattgacgtc
gtcaatgggt
tgccaagtac
agtacatgac
ttaccatggt
ggggatttcc
aacgggactt
gtgtacggtg
tcgetgegte
taatgttact
tctgcataaa
catatattat

aagggagaca

Lys Ala

Glu

catttatatt
ttaatagtaa
ataacttacg
aataatgacg
ggagtattta
gccccectatt
cttatgggac
gatgcggttt
aagtctccac
tccaaaatgt
ggaggtctat
gagagtgtac
atgatccatt
actttggttt
tgtctetttt

tctagtgata

Ala

Leu

Arg

Trp

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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taagtgtgaa
ttccatgaca
atccctaggg
aggaagtaat
tagaaatata
atggtgggga
catgggacaa
tccactacca
agatccaaga
tgtatataca
tactgatggce
aatagtacat
aggtaatcat
tttaaaaata
taataaagaa
taaacatatc
tattcaacat
cctagcagat
aaacctggat
acaatataca
aattattccc
caccggacgt
aaaggatgtg
caaagcctct
tattgactat
tgatggaatg
tgttaaatct
aggtgcagca
ggaattcagt
tataaaacga
gcctgttgta

tcaactctta

ctacacttat
attggecgecce
acctccgage
gttgaagaat
ccaagaaatc
caaattgaga
gaaatattag
gaaagaaaag
atccaatttc
tctagtcagt
tcggccatca
gccacataca
actgctcaga
cctggtectg
ttaccatact
tccaaatgga
gaaaaaggca
aagcttgcca
gcagagttgg
tattttttag
cctcagtcag
gaagccactce
gttaaacaac
ggtcctattce
attggacctt
acaggattca
ctcaatgtac
ttcacttectt
actccttatc
cttttaacta
caacttgctt

tttggtatag

EP 2 699 593 B1

cttaaatgat
aacgtggggc
atagcgggag
atgaacttga
ctttacatgg
gatttcagat
tttatagtcc
ctttacccat
attatgataa
ctcetgttaa
aaagtcctga
aacctgaata
tggctgaaat
tattagttat
ggaaatctaa
aatctattgc
tcagcctaca
cccaaggaag
atcaattatt
aagatggcaa
acagacaaaa
ttttaaaaat
taggacgctg
taagaccaga
tgccacctte
cttggttata
tcactagtat
caacctttge
acccccaaag
aactgctagt
taaacaacac

attcaaatac

gtaactcctt
tcgaatataa
gcatataaaa
tgttgaagct
agaagttata
ggtacgttga
cattgtatct
tagatggata
aaccttacca
acatccttct
tcctacaaaa
tcaagttttg
agctgcagtt
aactgatagt
tgggtttgtt
tgagtgttta
aataccagta
ttatgtggtt
acagggtcat
agtaaaagtt
aattgtgcett
tgccaacctt
tcaacagtgt
taggcctcaa
acagggatac
ccccactaag
tgcaattcca
tgaatgggca
tggtagtaag
aggaagaccc
ctatagccct

tccatttgea

65

aggataatca
gtecgggttta
gccaatagac
ctggttgtaa
ggtcttegee
tctaaggcta
atgactaaaa
acatggatga
gaacttaagc
caatatgaag
agcaataatg
aatcaatggt
gaatttgecct
ttctatgtag
aataataaga
tctatgaaac
ttcatactga
aattgtaata
tatataaaag
tccagacctg
caagcccaca
tattggtggce
ttaatcacaa
aaaccttttg
ctatatgtat
gctcettcta
aaggtgattc
aaggaaagag
gtggaaagga
acaaagtggt
gtattaaaat

aatcaagata

atatacaaaa
tttgtaaatt
aatggctage
ttttaagaga
ttactgaagg
tggatttggc
tacaaaaaac
cttatttaga
atattccaga
gagtgtttta
ctggcatggg
caataccact
gtaaaaaagc
cagaaagtgc
aaaagcctct
cagacattac
aaggcaatgc
ccaaaaaacc
gatatcccaa
aaggggttaa
atttggctca
caaatatgag
atgcttccaa
ataaattctt
tagtagttgt
ctagcgcaac
actctgatca
gtatacattt
aaaatagtga
atgacctatt
atactccaca

cacttgactt

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880
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gaccagagaa
cacccctcca
ggtggctagg
gttgaatcca
agataattta
tcatttggaa
aacagcagaa
gagataaatt
ggatgttttt
ccagaataca
ctcaaagagc
agcatcctgt
atgaacccca
cgagagatct
gctttagcag
ccacatccac
actcctcecce
tggaagtagc
gggtaggcct
ggctgggaag
ccgaaggtcce
gttctectet
gatttaaatc
tceceeecggge
ccgtecgacce
gcgteggget
ggaccacgcc
ccgagttgag
accggcccaa
gcaagggtct

tgccegecett

gaagaacttt
gcctectete
cctgettett
aggactgttg
aaacctactt
aaaaatgaat
ggaacaaatt
tagatatctg
agtttgtata
atggaataag
tgtttatcaa
tccaaaatat
tcecggecteg
aattctaccg
ccccgetgge
cggtagcgcec
tagtcaggaa
acgtctcact
ttggggcage
gggtgggtcc
tcecegaggece
tcctecatcte
caccatgacc
cgtacgcacc
ggaccgccac
cgacatcggce
ggagagcgtc
cggttececgg
ggagcccgceg
gggcagcgcece

cctggagacce

EP 2 699 593 B1

ctcttttaca
gttcectggte
tgagacctcg
ttattttgga
ctcatcagaa
aaagcgcatg
atactggaca
ctttatactt
ttgttaatca
gatattcagg
cccttacaga
gtggaggtaa
acggtatcga
ggtaggggag
acttggcgcet
aaccggctcc
gtttcccecca
agtctcgtge
ggccaatagce
gggggcgggc
cggcattctg
cgggceccttte
gagtacaagc
ctcgecegeeg
atcgagcggg
aaggtgtggg
gaagcggggg
ctggcegege
tggttcctgg
gtegtgetece

tcegegeccee

ggaaattcgt
tcectgttgtt
ttggcataaa
ccatcttgge
tggcaccacc
aggcacttca
ttcaaaatga
gttgtgctac
ttgttttggt
tattaggacc
ctagaaggat
atatgactag
tggtaccggt
gcgcettttee
acacaagtgg
gttetttggt
gcaagctcgce
agatggacag
agctttgtte
tcaggggcgg
cacgcttcaa
gacctgcagce
ccacggtgceg
cgttecgecga
tcaccgagcet
tcgecggacga
cggtgttege
agcaacagat
ccaccgtcgg
ccggagtgga

gcaacctcce

66

acttctttat
ggccaattgg
ccgtctactg
aacaacagaa
aatgacactg
aaatacaaca
agaagtacaa
tagctcaaga
ttcatgettt
tgtaatagac
tgcacgttcce
tattccacaa
atcgataagce
caaggcagtc
cctctggect
ggcccctteg
gtegtgcagg
caccgctgag
cttcgettte
gctcagggge
aagcgcacgt
cecgggggate
cctcgecacce
ctacccegece
gcaagaactc
cggcgeegeg
cgagatcggce
ggaaggcctc
cgtctecgece
ggcggccgag

cttctacgag

accatccatc
tccaggagag
tacttaaggt
ctgtaagtat
caacaatgga
actgtgactg
ccaactagga
gtattggcct
gtgactatat
tggaatgtta
cttagaatgce
ggtgtatact
ttgataacct
tggagcatgc
cgcacacatt
cgccacttct
acgtgacaaa
caatggaagc
tgggctcaga
gggcgggcgce
ctgecegeget
gatcctaggt
cgcgacgacg
acgcgccaca
ttcctcacge
gtggcggtct
ccgegecatgg
ctggcgecge
gaccaccagg
cgecgecgggg

cggctcegget

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740
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tcaccgtcac
agcccggtge
ccacagtccc
ggcgeggggt
ggggagaacc
ccgccagaac
ggctctgcetg
cggaggcggc
gattcaggtc
tgtgtcagge
tgaaaaagtg
ctatactgag
cctgagtcag
aggcggctcce
tttccacact
cgtggacgac
gcgggcgcecg
cagggacacc
gagcgaggcece
gcgettecte
tgaggacctg
aaatgatgcc
gctccacaaa
acacgtgact
cttctaccct
cacggagctc
ggtggtgect
cgagccecegte
cattgctgge
atggaggaag
cagtgcccag

ggcgcgecegt

cgccgacgte
ctgacggatc
cgagaagttg
aaactgggaa
gtatataagt
acagctgcgg
tctctgagtg
tcecggaggag
tacagcagac
tttcatccca
gagcactctg
tttaccccaa
cccaagatcg
ggcggcgggg
tcegtgtcece
acccagttcg
tggatggagc
gcacagattt
gggtctcaca
cgcgggtatg
cgctectgga
tctgaggegg
tacctggaga
caccacccca
gcggagatca
gtggagacca
tctggagagg
accctgagat
ctggttctece
aagagctcag
gggtctgagt

taccaagcag

EP 2 699 593 B1

gagtgcccga
catcgctcecg
g99999agggg
agtgatgtcg
gcagtagtcg
ccgegttaac
gcctggaage
gagggtctgg
accctgeccga
gcgacatcga
acctgtcatt
cagaaaaaga
tgaaatggga
gaagtggcgg
ggcccggecg
tgcgettega
aggaggggtc
tccgagtgaa
ccctgecagtg
aacagttcgce
ccgeggtgga
agcaccagag
aggggaagga
tctctgacca
cactgacctg
ggcctgcagg
agcagagata
ggaagccggce
ttggatctgt
gtggaaaagg
ctcacagcectt

ctatggaagc

aggaccgcegce
gtgccegtceca
tcggcaattg
tgtactggcet
ccgtgaacgt
catgagccga
agtgatggcc
aggcggggga
aaacgggaaa
ggtcgatctg
cagcaaggat
cgagtatgcce
ccgcgatatg
gggaggatcc

cggggagccc

caacgacgcc
agagtattgg
tctgeggacg
gatgcatggc
ctacgacgge
cacggcggcet
agcctacctg
gacgctgcett
tgaggccacc
gcagcaggat
ggatggaacc
cacgtgccat
ttececcagecee
ggtctctgga
agggagctac
gtaatctaga

ttatggacct

67

gacctggtge
gtgggcagag
aaccggtgcece
ccgecttttt
tctttttege
tcegtggcecac
cctagaacac
agtatccagce
tccaacttcce
ctgaagaatg
tggagcetttt
tgtagggtga
ggcgggggag
ggttctcact
cgcttecatcet
gcgagtccga
gaccgggaga
ctgegegget
tgcgagctgg
aaggattatc
cagatctccg
gaagacacat
cacctggagce
ctgaggtgcet
ggggagggcce
ttccagaagt
gtgcagcatg
accatcccca
gctgtggttg
tctaaggcetg
gcggccgega

cagagaggaa

atgacccgea
cgcacatcge
tagagaaggt
cccgagggtg
aacgggtttg
tggctgtcect
tgttcctggg
ggactcccaa
tgaattgcta
gcgagcggat
acctgctgta
accatgtcac
gctceggggg
ccttgaagta
ctgtgggcta
ggatggtgece
cacggagcgc
actacaatca
ggcccgacgg
tcaccctgaa
agcaaaagtc
gcgtggagtg
ccccaaagac
gggccctggg
atacccagga
gggcagctgt
aggggctacc
tcgtgggecat
ctgctgtgat
agtggagcga
ctctagatca

gtaacgagga

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660
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gagggtgtgg
aggaggtgaa
gagacacaag
tactaactct
ctctcecaggt
ctectgettat
gttaatcaat
tttattaagt
tgtgaactac
atgacaattg
gagaggcggt
ggtegttcgg
agaatcaggg
ccgtaaaaag
caaaaatcga
gtttcccect
cctgteegee
tctcagttcg
gcccgaccgce
cttatcgeca
tgctacagag
tatctgecget
caaacaaacc
aaaaaaagga
cgaaaactca
ccttttaaat
tgacagttac
atccatagtt
tggccccagt
aataaaccag

catccagtct

tggaatgtca
gaacctcatt
gttcttaaat
agattgtacg
ttggtaagaa
agattgtaag
aaaccgactt
aaaaggattt
acttatctta
gcgataccegt
ttgcgtattg
ctgcggcgag
gataacgcag
gcecgegttge
cgctcaagtc
ggaagctccc
tttctccctt
gtgtaggtcg
tgcgecttat
ctggcagcag
ttcttgaagt
ctgctgaagce
accgctggta
tctcaagaag
cgttaaggga
taaaaatgaa
caatgcttaa
gcctgactcee
gctgcaatga
ccagccggaa

attaattgtt

EP 2 699 593 B1

ctagaaacca
acccaaatac
tgtcctcatt
ggaggctctt
atattttata
ggtgattgca
gattcgagaa
gtatattagc
aatgatgtaa
cgaccgttca
ggcgctette
cggtatcagce
gaaagaacat
tggegttttt
agaggtggcg
tcgtgegete
cgggaagcgt
ttcgectccaa
ccggtaacta
ccactggtaa
ggtggcctaa
cagttacctt
gcggtggttt
atcctttgat
ttttggtcat
gttttaaatc
tcagtgaggce
ccgtegtgta
taccgcgaga
gggccgageg

gccgggaage

gggaaaacaa
tcectgetect
cgctactcce
cactactcge
ttgttataat
atgctttcetg
ccaactccta
cttgctaagg
ctccttagga
gctgcattaa
cgcttecteg
tcactcaaag
gtgagcaaaa
ccataggctc
aaacccgaca
tcctgtteeg
ggcgetttet
gctgggcetgt
tcgtcettgag
caggattagc
ctacggctac
cggaaaaaga
ttttgtttge
cttttctacg
gagattatca
aatctaaagt
acctatctca
gataactacg
cccacgcectceca
cagaagtggt

tagagtaagt

68

ggaggagagt
catagacgta
tctgacatcc
tgcgtcgaga
gttactatga
cataaaactt
tattattgtc
gagacatcta
taatcaatat
tgaatcggcce
ctcactgact
gcggtaatac
ggccagcaaa
cgccceccectg
ggactataaa
accctgecge
caatgctcac
gtgcacgaac
tccaaccegg
agagcgaggt
actagaagga
gttggtagct
aagcagcaga
gggtctgacg
aaaaggatct
atatatgagt
gcgatctgte
atacgggagg
ccggctceccag
cctgecaactt

agttcgccag

attacaggga
cctgggatga
aacgctggac
gtgtacgaga
tccattaaca
tggttttett
tcttttatac
gtgatataag
acaaaattcc
aacgcgeggg
cgetgegete
ggttatccac
aggccaggaa
acgagcatca
gataccaggc
ttaccggata
gctgtaggta
ccececgttea
taagacacga
atgtaggcgg
cagtatttgg
cttgatccgg
ttacgcgcag
ctcagtggaa
tcacctagat
aaacttggtc
tatttegttce
gcttaccatc
atttatcage
tatcecgecte

ttaatagttt

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520



10

15

20

25

30

35

40

45

50

55

gcgcaacgtt
ttcattcage
aaaagcggtt
atcactcatg
cttttetgtg
gagttgctct
agtgctcatc
gagatccagt
caccagcgtt
ggcgacacgg

tcagggttat

aggggttccg

catgacatta

<210> 20
<211> 500
<212> PRT

gttgccattg
tceggttece
agctccttceg
gttatggcag
actggtgagt
tgcceggegt
attggaaaac
tcgatgtaac
tctgggtgag
aaatgttgaa
tgtctcatga
cgcacatttc

acctataaaa

<213> Atrtificial Sequence

<220>

<223> HLA-bGBE

<400> 20

EP 2 699 593 B1

ctacaggcat
aacgatcaag
gtccteccgat
cactgcataa
actcaaccaa
caatacggga
gttcttcggg
ccactcgtge
caaaaacagg
tactcatact
gcggatacat
cccgaaaagt

ataggcgtat

cgtggtgtca
gcgagttaca
cgttgtcaga
ttctcttact
gtcattctga
taataccgcg
gcgaaaactc
acccaactga
aaggcaaaat
cttecettttt
atttgaatgt
gccacctgac

cacgaggccce

69

cgctcecgtegt
tgatccccecca
agtaagttgg
gtcatgccat
gaatagtgta
ccacatagca
tcaaggatct
tcttcagcat
gccgcaaaaa
caatattatt
atttagaaaa
gtctaagaaa

tttecgte

ttggtatgge
tgttgtgcaa
ccgcagtgtt
ccgtaagatg
tgcggcgace
gaactttaaa
taccgetgtt
cttttacttt
agggaataag
gaagcattta
ataaacaaat

ccattattat

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9287
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Met

Gly

Gly

Pro

Asn

65

Val

Asp

Ser

Leu

Ser

Lys

50

Phe

Asp

Leu

Arg

Glu

Gly

35

Ile

Leu

Leu

Ser

Ser

Ala

20

Gly

Gln

Asn

Leu

Phe
100

Val

Val

Gly

Val

Cys

Lys

85

Ser

Ala

Met

Gly

Tyr

Tyr

70

Asn

Lys

EP 2 699 593 B1

Leu

Ala

Ser

Ser

55

Val

Gly

Asp

Ala Val Leu

Pro

Gly

40

Arg

Ser

Glu

Trp

70

Arg

25

Gly

His

Gly

Arg

Ser
105

10

Thr

Gly

Pro

Phe

Ile

90

Phe

Ala

Leu

Gly

Ala

His

75

Glu

Tyr

Leu

Phe

Ser

Glu

60

Pro

Lys

Leu

Leu

Leu

Ile

45

Asn

Ser

Val

Leu

Ser

Gly

Gln

Gly

Asp

Glu

Tyr
110

Leu

15

Gly

Arg

Lys

Ile

His

95

Tyr

Ser

Gly

Thr

Ser

Glu

80

Ser

Thr
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Glu

Val

Gly

145

Gly

Arg

Asp

Val

Arg

225

Leu

Thr

Leu

Leu

Ile

305

Ala

Lys

Thr

Phe

Thr

130

Gly

Gly

Pro

Thr

Pro

210

Glu

Arg

Leu

Arg

Asn

290

Ser

Tyr

Gly

His

Thr

115

Leu

Gly

Ser

Gly

Gln

195

Arg

Thr

Thr

Gln

Gly

275

Glu

Glu

Leu

Lys

His

Pro

Ser

Ser

Gly

Arg

180

Phe

Ala

Arg

Leu

Trp

260

Tyr

Asp

Gln

Glu

Glu

340

Pro

Thr

Gln

Gly

Ser

165

Gly

Val

Pro

Ser

Arg

245

Met

Glu

Leu

Lys

Asp

325

Thr

Ile

Glu

Pro

Gly

150

His

Glu

Arg

Trp

Ala

230

Gly

His

Gln

Arg

Ser

310

Thr

Leu

Ser

EP 2 699 593 B1

Lys

Lys

135

Gly

Ser

Pro

Phe

Met

215

Arg

Tyr

Gly

Phe

Ser

295

Asn

Cys

Leu

Asp

Asp

120

Ile

Gly

Leu

Arg

Asp

200

Glu

Asp

Tyr

Cys

Ala

280

Trp

Asp

Val

His

His

71

Glu

val

Ser

Lys

Phe

185

Asn

Gln

Thr

Asn

Glu

265

Tyr

Thr

Ala

Glu

Leu

345

Glu

Tyr

Lys

Gly

Tyr

170

Ile

Asp

Glu

Ala

Gln

250

Leu

Asp

Ala

Ser

Trp
330

Glu

Ala

Ala

Trp

Gly

155

Phe

Ser

Ala

Gly

Gln

235

Ser

Gly

Gly

Val

Glu

315

Leu

Pro

Thr

Cys

Asp

140

Gly

His

Val

Ala

Ser

220

Ile

Glu

Pro

Lys

Asp

300

Ala

His

Pro

Leu

Arg

125

Arg

Gly

Thr

Gly

Ser

205

Glu

Phe

Ala

Asp

Asp

285

Thr

Glu

Lys

Lys

Arg

Val

Asp

Ser

Ser

Tyr

130

Pro

Tyr

Arg

Gly

Gly

270

Tyr

Ala

His

Tyr

Thr

350

Cys

Asn

Met

Gly

Val

175

Val

Arg

Trp

Val

Ser

255

Arg

Leu

Ala

Gln

Leu

335

His

Trp

His

Gly

Gly

160

Ser

Asp

Met

Asp

Asn

240

His

Phe

Thr

Gln

Arg

320

Glu

Val

Ala
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Leu

Glu
385

Asp

Glu

Val

Gly

Val

465

Gly

Ser

<210> 21
<211> 7159
<212> DNA

Gly

370

Gly

Gly

Gln

Thr

Ile

450

Val

Ser

His

355

Phe

His

Thr

Arg

Leu

435

Ile

Ala

Tyr

Ser

<213> Atrtificial Sequence

<220>

Tyr

Thr

Phe

Tyr

420

Arg

Ala

Ala

Ser

Leu
500

Pro

Gln

Gln

405

Thr

Trp

Gly

Val

Lys
485

Ala

Asp

390

Lys

Cys

Lys

Leu

Ile

470

Ala

EP 2 699 593 B1

Glu

375

Thr

Trp

His

Pro

Val

455

Trp

Glu

<223> Vector sequence for pA2-B2METKNpA

<400> 21

360

Ile

Glu

Ala

Val

Ala

440

Leu

Arg

Trp

72

Thr

Leu

Ala

Gln

425

Ser

Leu

Lys

Ser

Leu

Val

Val

410

His

Gln

Gly

Lys

Asp
490

Thr

Glu

395

Val

Glu

Pro

Ser

Ser

475

Ser

Trp

380

Thr

Val

Gly

Thr

Val

460

Ser

Ala

365

Gln

Arg

Pro

Leu

Ile

445

Val

Gly

Gln

Gln

Pro

Ser

Pro

430

Pro

Ser

Gly

Gly

Asp

Ala

Gly

415

Glu

Ile

Gly

Lys

Ser
495

Gly

Gly

400

Glu

Pro

Val

Ala

Gly

480

Glu
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ctgecgegetce
ggtcgceegg
aggggttcct
ttccagtgtce
tagcctttgt
tttatatatt
cctactatgt

cgctggaagce

gctcgectcac
cctcagtgag
gcggccgcega
taaaatatta
ttcceetgte
cactaattca
gccagecccct

tctaaagcce

EP 2 699 593 B1

tgaggccgece
cgagcgagcg
tgcagtccaa
atgtcaatgg
cataaaatga
ttcattcatc
gttctagggt

tagcagttac

cgggcaaagc
cgcagagagg
actctcacta
aatcaggcca
atgggggtaa
catccattcg
ggaaactaag

tgcttttact

73

ccgggegteg
gagtggccaa
aaattgccga
gagtttgaat
ttctttecte
ttcattcggt
agaatgatgt

attagtggtc

ggcgaccttt
ctccatcact
gcecetttgte
tctagtctct
ctacagttta
ttactgagta
acctagaggg

gtttttttct

60

120

180

240

300

360

420

480
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20

25

30

35

40

45

50

55

cccecececcgec
gggaggaact
aagaaaggta
atttttctta
cagaagttct
ctcgaatgaa
tagcatctcet
agtcctagaa
cgatgtacag
ctaagaaaag
gcttggagac
tataagtgga
ctagataact
ctceggtgee
aggggtcgge
tgtcgtgtac
agtcgecegtg
accatgccca
accacgcaac
atgacttact
caccgcectceg
cagataacaa
ggggaggctg
cccatcgecg
caggccgtge
cttggggccce
gagcggctgg
acggtgcggt
acggccgtge
ggggacacgt

tataacgtgt

ccccgacaaa
tcttggcaca
ctctttcact
cccagagaat
ccttetgeta
aaatgcaggt
ggggccagtce
tgagcgcceg
acagcaaact
gaaactgaaa
aggtgacggt
ggcgtcgege
tcgtataatg
cgtcagtggg
aattgaaccg
tggctccgece
aacgttcttt
cgctactgeg
tgctggtgge
ggcgggtget
accagggtga
tgggcatgcc
ggagctcaca
ccctectgtg
tggcgttegt
ttcecggagga
acctggctat
atctgcagtg
cgccccaggg
tatttaccct

ttgcctggge

EP 2 699 593 B1

tcaacagaac
gaactttcca
aggaccttct
ggagaaaccc
ggtagcattc
ccgagcagtt
tgcaaagcga
gtgtcccaag
cacccagtct
acgggaaagt
ccetgeggge
tggecgggceat
tatgctatac
cagagcgcac
gtgcctagag
tttttcccga
ttcgcaacgg
ggtttatata
cctgggttecg
gggggcttce
gatatcggcce
ttatgcegtg
tgccecgece
ctaccecggece
ggccctcatce
cagacacatc
gctggetgeg
cggegggteg
tgccgagecce
gtttcgggee

cttggacgtc

aaagaaaatt
aacacttttt
ctgagctgtce
tgcagggaat
aaagatctta
aactggctgg
gggggcagcece
ctggggcgeg
agtgcatgcce
ccctctectet
cttgtectga
tcctgaaget
gaagttatgg
atcgcccaca
aaggtggcge
gggtggggga
gtttgcecgece
gacggtcccce
cgcgacgata
gagacaatcg
ggggacgcgg
accgacgccg
ccggecctca
gcgcggtacce
ccgecgaccet
gaccgcectgg
attcgccgeg
tggcgggagyg
cagagcaacg
cccgagttge

ttggccaaac

74

acctaaacag
cctgaaggga
ctcaggatgce
tcccaagetg
atcttctggg
ggcaccatta
ttaatgtgcc
caccccagat
ttcttaaaca
aacctggcac
ttggctggge
gacagcattc
atccatcgat
gtcececgaga
ggggtaaact
gaaccgtata
agaacacagc
acgggatggg
tcgtctacgt
cgaacatcta
cggtggtaat
ttctggctcee
ccctcatctt
ttatgggcag
tgcceggeac
ccaaacgcca
tttacgggct
actggggaca
cgggcccacg
tggcccccaa

gccteegtte

caaggacata
tacaagaagc
ttttgggact
tagttataaa
tttecegtttt
gcaagtcact
tccagcectga
cggagggcge
tcacgagact
tgcgtcegetg
acgcgtttaa
gggccgagat
tctgcgatcg
agttgggggg
gggaaagtga
taagtgcagt
tgaagcttcc
gaaaaccacc
acccgagccg
caccacacaa
gacaagcgcc
tcatatcggg
cgaccgccat
catgaccccc
caacatcgtg
gcgccccgge
acttgccaat
gctttcegggg
accccatatc
cggcgacctg

catgcacgtc

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340
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tttatcctgg
tcecgggatgg
gcgcgcacgt
tcteceggecyg
tgctctgatg
accgacctgt
gccacgacgg
tggctgetat
gagaaagtat
tgcccatteg
ggtcttgtceg
ttcgccagge
gcetgettge
cggctgggtg
gagcttggeg
tcgcagcegceca
cttcgtataa
tgtgttggtt
gctgtgcetceg
ccecteecget
ctcgecteegt
gggctggatc
ggacgcgcge
gggagggtcg
ggtttetcett
cgggtaggct
gggtctgggg
tggagagctg
tctatgtggg
gtgatacaaa
aaattataag

gcgtcattta

attacgacca
tccagaccca
ttgcececggga
cttgggtgga
ccgeegtgtt
ccggtgeect
gcgttcecttg
tgggcgaagt
ccatcatggce
accaccaagc
atcaggatga
tcaaggcgeg
cgaatatcat
tggcggaccg
gcgaatgggce
tcgecttcta
tgtatgctat
ttttgtgtgg
cgctactctce
ctggtcecette
gacttcecctt
tcggggaagce
tacttgccce
ggacaaagtt
ccgetettte
cgtcccaaag
gaggcgtcge
tggacttcgt
gccacaccgt
gcggtttecga
aactacccgt

attttgaaaa

EP 2 699 593 B1

atcgcecegee
cgtcaccacc
gatgggatcg
gaggctattc
ccggctgtceca
gaatgaactg
cgcagctgtg
gccggggcag
tgatgcaatg
gaaacatcgce
tctggacgaa
catgceccgac
ggtggaaaat
ctatcaggac
tgaccgette
tcgecttett
acgaagttat
gatcegtcega
tctttetgge
ctcteecget
ctccaagttce
ggcggggtgg
ttteggcggg
tagggcgteg
gcggggecte
gcgeggegcet
ccgggtaagce
ctaggcgecce
ggggaggaaa
ataattaact
tattgacatc

cagttatctt

ggctgccggg
cccggcteca
gccattgaac
ggctatgact
gcgcaggggce
caggacgagg
ctcgacgttg
gatctectgt
cggcggetge
atcgagcgag
gagcatcagg
ggcgaggatc
ggccgetttt
atagcgttgg
ctcgtgettt
gacgagttct
aataaaagat
taccgtcgac
ctggaggcta
ctgcacccte
tcettggtgg
cctgggagtg
gagcagggga
ataagcgtca
tggcteccccee
gaggtttgtg
ctgtctgetg
gctaagttcg
cagcacgcga
tatttgttcce
tttctgtgtg

ccgccataga

75

acgccectget
taccgacgat
aagatggatt
gggcacaaca
gceceggttet
cagcgeggcet
tcactgaagc
catctcacct
atacgcttga
cacgtactcg
ggctegegece
tcgtegtgac
ctggattcat
ctacccgtga
acggtatcge
tctgagggtc
ccttatttte
tgtctegete
tccagegtga
tgtggccecctce
cccgeegtgg
gggaaggggg
gacctttggce
gagcgccgag
agcgcagcetg
aacgcgtgga
cggctctget
catgtcctag
cgtttgtaga
catcacatgt
ccaaggactt

taactactat

gcaacttacc
atgcgacctg
gcacgcaggt
gacaatcggce
ttttgtcaag
atcgtggcectg
gggaagggac
tgctectgece
tceggcetace
gatggaagcc
agccgaactg
ccatggecgat
cgactgtgge
tattgctgaa
cgcteecegat
tctagcataa
attggatctg
cgtggeccetta
gtctctecta
gctgtgcetet
ggctagtcca
tgcgcaccceg
ctacggcgac
gttgggggag
gagtggggga
ggggcgcttg
tcccttagac
cacctctggg
atgcttggcet
cacttttaaa
tatgtgcettt

ggttatcttc

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260
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tgcctcectcecac
gataaatggc
gcecttttgge
cctctetgeg
gctttgeeeg
tgcggtattt
atagtacgcg
gaccgctaca
cgccacgtte
atttagtgcet
tgggccatcg
tagtggactc
tttataaggg
atttaacgcg
aatctgctct
gccctgacgg
gagctgcatg
cgtgatacge
tggcactttt
aaatatgtat
gaagagtatg
cctteetgtt
gggtgcacga
tcgccecgaa
attatccegt
tgacttggtt
agaattatgc
aacgatcgga
tcgecettgat
cacgatgcct

tctagcttce

agatgaagaa
agcaatcgag
tgtaattcegt
cgctegeteg
ggcggcctca
tcteettacg
ccectgtageg
cttgccagceg
gceggettte
ttacggcacc
ccctgataga
ttgttccaaa
attttgcecga
aattttaaca
gatgccgceat
gcttgtcetge
tgtcagaggt
ctatttttat
cggggaaatg
ccgctcatga
agtattcaac
tttgctcacc
gtgggttaca
gaacgttttc
attgacgcecg
gagtactcac
agtgctgceca
ggaccgaagg
cgttgggaac
gtagcaatgg

cggcaacaat

EP 2 699 593 B1

actaaggcac
attgaagtca
gcgcggecge
ctcactgagg
gtgagcgage
catctgtgcg
gcgcattaag
ccctagegece
cccgtcaage
tcgaccccaa
cggttttteg
ctggaacaac
ttteggecta
aaatattaac
agttaagcca
tcceggeatce
tttcaccgte
aggttaatgt
tgcgcggaac
gacaataacc
atttccgtgt
cagaaacgct
tcgaactgga
caatgatgag
ggcaagagca
cagtcacaga
taaccatgag
agctaaccgce
cggagctgaa
caacaacgtt

taatagactg

cgagatttta
agcctaacca
aggaacccct
ccgggcgacce
gagcgcgcag
gtatttcaca
cgeggegggt
cgctecttte
tctaaatcgg
aaaacttgat
ccetttgacg
actcaaccct
ttggttaaaa
gtttacaatt
gccccgacac
cgcttacaga
atcaccgaaa
catgataata
ccctatttgt
ctgataaatg
cgcecttatt
ggtgaaagta
tctcaacagce
cacttttaaa
actcggtcge
aaagcatctt
tgataacact
ttttttgecac
tgaagccata

gcgcaaacta

gatggaggcg

76

agaaacttaa
gggcttttge
agtgatggag
aaaggtcgcc
ctgcectgeag
ccgcatacgt
gtggtggtta
gctttettee
gggctccett
ttgggtgatg
ttggagtcca
atctcgggcet
aatgagctga
ttatggtgca
ccgccaacac
caagctgtga
cgcgcgagac
atggtttctt
ttatttttet
cttcaataat
cccttttttg
aaagatgctg
ggtaagatcc
gttctgctat
cgcatacact
acggatggca
gcggccaact
aacatggggg
ccaaacgacg
ttaactggecg

gataaagttg

ttacacaggg
gggagcgcat
ttggccactc
cgacgcccgg
gggcgcctga
caaagcaacc
cgcgcagcegt
cttecctttet
tagggttccg
gttcacgtag
cgttctttaa
attcttttga
tttaacaaaa
ctctcagtac
ccgctgacge
ccgtctecgg
gaaagggcct
agacgtcagg
aaatacattc
attgaaaaag
cggcattttg
aagatcagtt
ttgagagttt
gtggcgeggt
attctcagaa
tgacagtaag
tacttctgac
atcatgtaac
agcgtgacac
aactacttac

caggaccact

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120
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tctgegeteg
tgggtctcge
tatctacacg
aggtgcctca
gattgattta
tctcatgacce
aaagatcaaa
aaaaaaacca
tccgaaggta
gtagttaggce
cctgttacca
acgatagtta
cagcttggag
cgccacgett
aggagagcgc
gtttcgccac
atggaaaaac

tcacatgtce

<210> 22
<211> 7199
<212> DNA

gcecctteegg
ggtatcattg
acggggagtce
ctgattaagc
aaacttcatt
aaaatccctt
ggatcttctt
ccgctaccag
actggcttca
caccacttca
gtggctgetg
ccggataagg
cgaacgacct
cccgaaggga
acgagggagc
ctctgacttg

gccagcaacg

tgcaggcag

<213> Atrtificial Sequence

<220>
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ctggctggtt
cagcactggg
aggcaactat
attggtaact
tttaatttaa
aacgtgagtt
gagatccttt
cggtggtttg
gcagagcgca
agaactctgt
ccagtggcga
cgcagecggtce
acaccgaact
gaaaggcgga
ttccaggggg
agcgtcgatt

cggccttttt

<223> Vector sequence for pA2-B2MEHyTKpA

<400> 22

tattgctgat
gccagatggt
ggatgaacga
gtcagaccaa
aaggatctag
ttcegttccac
ttttctgege
tttgceggat
gataccaaat
agcaccgcect
taagtcgtgt
gggctgaacg
gagataccta
caggtatccg
aaacgcctgg
tttgtgatge

acggttcctg

77

aaatctggag
aagccctccece
aatagacaga
gtttactcat
gtgaagatcc
tgagcgtcag
gtaatctgct
caagagctac
actgtccttce
acatacctcg
cttaccgggt
gggggttcgt
cagcgtgagce
gtaagcggca
tatctttata

tcgtcagggg

gcettttget

ccggtgageg
gtatcgtagt
tcgctgagat
atatacttta
tttttgataa
accccgtaga
gcttgcaaac
caactctttt
tagtgtagcc
ctctgctaat
tggactcaag
gcacacagcc
tatgagaaag
gggtcggaac
gtcctgtegg
ggcggagcect

ggccttttge

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7159
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cctgcaggca
gggcgacctt
actccatcac
ctggaagctc
ccececgeccee
gaggaacttc
gaaaggtact
ttttcttace

gaagttctcce

gctgegeget
tggtcgcececg
taggggttcce
taaagcccta
ccgacaaatc
ttggcacaga
ctttcactag
cagagaatgg

ttectgectagg
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cgctcgetca
gcctcagtga
tgcggecgeg
gcagttactg
aacagaacaa
actttccaaa
gaccttctct
agaaaccctg

tagcattcaa

ctgaggccge
gcgagcgage
aaactaagag
cttttactat
agaaaattac
cactttttce
gagctgtcct
cagggaattc

agatcttaat

78

ccgggcaaag
gcgcagagag
aatgatgtac
tagtggtcgt
ctaaacagca
tgaagggata
caggatgctt
ccaagctgta

cttectgggtt

ccegggegte
ggagtggcca
ctagagggeg
ttttttctee
aggacatagg
caagaagcaa
ttgggactat
gttataaaca

tcegttttet

60

120

180

240

300

360

420

480

540
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cgaatgaaaa
gcatctctgg
tcctagaatg
atgtacagac
aagaaaagga
ttggagacag
taagtggagg
agataacttc
ccggtgececg
gggtcggcaa
tcgtgtactg
tcgeccegtgaa
catgaaaaag
cagcgtctce
tgtaggaggg
tcgttatgtt
tggggaattc
gcaagacctg
tgcgatcget
aatcggtcaa
tcactggcaa
gctgatgcett
ctccaacaat
gatgttcggg
ttgtatggag
gcggetccgg
cggcaatttc
agccgggact
ctgtgtagaa
acgtacggcg

aatgcccacg

atgcaggtcc
ggccagtcectg
agcgeccceggt
agcaaactca
aactgaaaac
gtgacggtcc
cgtcgegetg
gtataatgta
tcagtgggca
ttgaaccggt
gctcegecett
cgttettttt
cctgaactca
gacctgatgce
cgtggatatg
tatcggcact
agcgagagcc
cctgaaaccg
gcggccgatce
tacactacat
actgtgatgg
tgggccgagg
gtcctgacgg
gattcccaat
cagcagacgc
gcgtatatge
gatgatgcag
gtcgggegta
gtcgegtctg
ttgcgececte

ctactgcggg
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gagcagttaa
caaagcgagg
gtcccaagcet
cccagtctag
gggaaagtcc
ctgcgggect
gcgggcatte
tgctatacga
gagcgcacat
gcctagagaa
tttcececgagg
cgcaacgggt
ccgecgacgte
agctctcgga
tcctgegggt
ttgcatcgge
tgacctattg
aactgcccge
ttagccagac
ggcgtgattt
acgacaccgt
actgccccga
acaatggccg
acgaggtcgc
gctacttcga
tcegeattgg
cttgggcgceca
cacaaatcgc
cgttcgacca
gccggcagca

tttatataga

ctggctgggg
gggcagcctt
ggggcgcgea
tgcatgeett
ctctctctaa
tgtcctgatt
ctgaagctga
agttatggat
cgcccacagt
ggtggcgegyg
gtgggggaga
ttgccgecag
tgtcgagaag
gggcgaagaa
aaatagctgce
cgcgctceeg
catctcecge
tgttctgcag
gagcgggtte
catatgcgceg
cagtgecgtcce
agtccggcac
cataacagcg
caacatcttc
gcggaggcat
tcttgaccaa
gggtcgatge
ccgcagaagc
ggctgcgegt
agaagccacg

cggtcecceccac

79

caccattagc
aatgtgcctce
ccccagatcg
cttaaacatc
cctggcactg
ggctgggcac
cagcattcgg
ccatcgattc
ccccgagaag
ggtaaactgg
accgtatata
aacacagctg
tttctgatcg
tctegtgett
gccgatggtt
attccggaag
cgtgcacagg
ccggtegegg
ggcccatteg
attgctgatc
gtecgegecagg
ctcgtgcacg
gtcattgact
ttctggaggce
ccggagettg
ctctatcaga
gacgcaatcg
gcggcecgtet
tctecgeggece
gaagtccgcece

gggatgggga

aagtcactta
cagcctgaag
gagggcgcecg
acgagactct
cgtegetgge
gcgtttaata
gccgagatcet
tgcgatcget
ttggggggag
gaaagtgatg
agtgcagtag
aagcttccac
aaaagttcga
tcagcttcga
tctacaaaga
tgcttgacat
gtgtcacgtt
aggccatgga
gaccgcaagg
cccatgtgta
ctctcgatga
cggatttcgg
ggagcgagge
cgtggttgge
caggatcgcce
gcttggttga
tccgatecegg
ggaccgatgg
atagcaaccg
cggagcagaa

aaaccaccac

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400
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cacgcaactg
gacttactgg
ccgectegac
gataacaatg
ggaggctggg
catcgeccgece
ggccgtgetg
tggggccecctt
gcggctggac
ggtgcggtat
ggccgtgeeg
ggacacgtta
taacgtgttt
tatcctggat
cgggatggtc
gcgcacgttt
atgtatgcta
tttttgtgtg
gcgctactcet
tctggtcecett
tgacttccecct
ctcggggaag
ctacttgcce
gggacaaagt
tcegetettt
tcgtcccaaa
ggaggcgteg
gtggacttcg
ggccacaccg
agcggttteg
gaactacccg

aattttgaaa

ctggtggecce
cgggtgetgg
cagggtgaga
ggcatgccett
agctcacatg
ctcectgtget
gcgttegtgg
ccggaggaca
ctggctatge
ctgcagtgeg
ccccagggtg
tttacecctgt
gcetgggect
tacgaccaat
cagacccacg
gcccgggaga
tacgaagtta
ggatcegtceg
ctctttetgg
ccteteecge
tcteccaagtt
cggcggggtyg
ctttcggegg
ttagggcgtc
cgcggggect
ggcgcggege
cccgggtaag
tctaggegece
tggggaggaa
aataattaac
ttattgacat

acagttatct
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tgggttcgeg
gggcttceccga
tatcggcegg
atgccgtgac
ccecegeccecec
acccggcecge
ccctcatcec
gacacatcga
tggctgegat
gcgggtegtg
ccgagcccca
ttegggecce
tggacgtctt
cgcccgecgg
tcaccacccce
tgggggaggc
taataaaaga
ataccgtcga
cctggaggcet
tctgecaccecet
ctcecttggtg
gcectgggagt
ggagcagggg
gataagcgtc
ctggcteece
tgaggtttgt
cctgtctget
cgctaagttce
acagcacgcg
ttatttgttce
ctttctgtgt

tcecgecatag

cgacgatatc
gacaatcgcg
ggacgcggcg
cgacgecegtt
ggccctcace
gcggtacctt
gccgaccttg
ccgectggece
tcgeegegtt
gcgggaggac
gagcaacgcg
cgagttgcetg
ggccaaacgc
ctgccgggac
cggcteccata
taactgaggt
tccttatttt
ctgtcteget
atccagcegtg
ctgtggccct
gceegeegtg
ggggaagggg
agacctttgg
agagcgccga
cagcgcagcet
gaacgcgtgg
gcggctctge
gcatgtccta
acgtttgtag
ccatcacatg
gccaaggact

ataactacta
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gtctacgtac
aacatctaca
gtggtaatga
ctggctecte
ctcatctteg
atgggcagca
cccggcacca
aaacgccagc
tacgggctac
tggggacagc
ggcccacgac
gcccccaacg
ctcegttceca
gccctgetge
ccgacgatat
ctctagcata
cattggatct
ccgtggecett
agtctctect
cgctgtgcete
gggctagtcce
gtgcgcacce
cctacggcga
ggttggggga
ggagtggggg
aggggcgcett
ttcccttaga
gcacctcetgg
aatgcttgge
tcacttttaa
ttatgtgett

tggttatctt

ccgagcecgat
ccacacaaca
caagcgccca
atatcggggg
accgccatcce
tgacccccceca
acatcgtgcet
gccccggega
ttgccaatac
tttcggggac
cccatatcegg
gcgacctgta
tgcacgtcett
aacttacctc
gcgacctgge
acttcgtata
gtgtgttggt
agctgtgetce
accctcecege
tctegetecg
agggctggat
gggacgcgceg
cgggagggtc
gggtttctcet
acgggtaggc
ggggtctggg
ctggagagct
gtctatgtgg
tgtgatacaa
aaaattataa
tgcgtcattt

ctgectetca

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320
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cagatgaaga
cagcaatcga
ctgtaattcg
gcgctegete
gggcggecte
ttctecttac
gcectgtage
acttgccagce
cgecggettt
tttacggcac
gccctgatag
cttgttccaa
gattttgccg
gaattttaac
tgatgccgcea
ggcttgtcetg
gtgtcagagg
cctattttta
tcggggaaat
tcecgetcatg
gagtattcaa
ttttgctcac
agtgggttac
agaacgtttt
tattgacgcce
tgagtactca
cagtgctgcce
aggaccgaag
tcgttgggaa
tgtagcaatg

ccggcaacaa

aactaaggca
gattgaagtc
tgcgeggecg
gctcactgag
agtgagcgag
gcatctgtge
ggcgcattaa
gccctagege
cccegtcaag
ctcgacccca
acggtttttc
actggaacaa
atttcggecet
aaaatattaa
tagttaagcc
ctcccggeat
ttttcaccegt
taggttaatg
gtgcgcggaa
agacaataac
catttcegtg
ccagaaacgc
atcgaactgg
ccaatgatga
gggcaagagc
ccagtcacag
ataaccatga
gagctaaccg
ccggagctga
gcaacaacgt

ttaatagact
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ccgagatttt
aagcctaacc
caggaacccc
gccgggcgac
cgagcgcgca
ggtatttcac
gcgeggegygg
ccgectecttt
ctctaaatcg
aaaaacttga
gccctttgac
cactcaaccc
attggttaaa
cgtttacaat
agccccgaca
ccgcttacag
catcaccgaa
tcatgataat
cccctatttg
cctgataaat
tcgececttat
tggtgaaagt
atctcaacag
gcacttttaa
aactcggtcg
aaaagcatct
gtgataacac
cttttttgeca
atgaagccat

tgcgcaaact

ggatggaggc

aagaaactta
agggcttttg
tagtgatgga
caaaggtcgce
gctgcctgea
accgcatacg
tgtggtggtt
cgctttette
ggggctcect
tttgggtgat
gttggagtcc
tatctcggge
aaatgagctg
tttatggtge
cccgccaaca
acaagctgtg
acgcgcgaga
aatggtttct
tttatttttc
gcttcaataa
tccetttttt
aaaagatgct
cggtaagatc
agttctgcta
ccgcatacac
tacggatggc
tgcggcecaac
caacatgggg
accaaacgac
attaactggce

ggataaagtt
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attacacagg
cgggagcgca
gttggccact
ccgacgceccg
ggggcgectyg
tcaaagcaac
acgcgcagcg
ccttecttte
ttagggttcc
ggttcacgta
acgttcttta
tattcttttg
atttaacaaa
actctcagta
cccgcectgacg
accgtctcceg
cgaaagggcc
tagacgtcag
taaatacatt
tattgaaaaa
gcggcatttt
gaagatcagt
cttgagagtt
tgtggcgegg
tattctcaga
atgacagtaa
ttacttctga
gatcatgtaa
gagcgtgaca
gaactactta

gcaggaccac

ggataaatgg
tgccttttgg
ccetcetetge
ggctttgece
atgcggtatt
catagtacgce
tgaccgctac
tcgeccacgtt
gatttagtgce
gtgggccatc
atagtggact
atttataagg
aatttaacgce
caatctgcectc
cgcectgacg
ggagctgcat
tcgtgatacg
gtggcacttt
caaatatgta
ggaagagtat
gccttectgt
tgggtgcacg
ttcgccecga
tattatcccg
atgacttggt
gagaattatg
caacgatcgg
ctcgecettga
ccacgatgcc
ctctagcettce

ttctgegcetce

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180
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ggcccttececg getggetggt ttattgectga taaatctgga geccggtgage gtgggtcetceg 6240
cggtatcatt gcagcactgg ggccagatgg taageccctcece cgtatcegtag ttatctacac 6300
gacggggagt caggcaacta tggatgaacg aaatagacag atcgctgaga taggtgcctc 6360
actgattaag cattggtaac tgtcagacca agtttactca tatatacttt agattgattt 6420
aaaacttcat ttttaattta aaaggatcta ggtgaagatc ctttttgata atctcatgac 6480
caaaatccct taacgtgagt tttcecgttcca ctgagegtca gaccccgtag aaaagatcaa 6540
aggatcttcet tgagatcctt tttttectgeg cgtaatctge tgecttgcaaa caaaaaaacc 6600
accgctacca geggtggttt gtttgecgga tcaagagecta ccaactettt ttecgaaggt 6660
aactggcttc agcagagcgc agataccaaa tactgtcctt ctagtgtage cgtagttagg 6720
ccaccacttc aagaactctg tagcaccgcc tacatacctc gectctgctaa tectgttace 6780
agtggctget gccagtggeg ataagtcecgtg tcttaccggg ttggactcaa gacgatagtt 6840
accggataag gcgcagcggt cgggctgaac ggggggttcg tgcacacagce ccagettgga 6900
gcgaacgacc tacaccgaac tgagatacct acagcgtgag ctatgagaaa gcgccacgcet 6960
tcccgaaggg agaaaggcgg acaggtatcce ggtaagcegge agggtcggaa caggagagcg 7020
cacgagggag cttccagggg gaaacgcctg gtatctttat agtcctgtcg ggtttcegeca 7080
cctectgactt gagcgtcgat ttttgtgatg ctcgtcaggg gggcggagcce tatggaaaaa 7140
cgccagcaac gcggcectttt tacggttcecet ggecttttge tggecttttg ctcacatgt 7199
<210> 23

<211> 29

<212> PRT

<213> Atrtificial Sequence

<220>

<223> HLA-G peptide

<400> 23

Met Ala Pro Arg Thr Leu Phe Leu Gly Gly Gly Gly Ser Gly Gly Gly

1

5

10

15

Gly Ser Gly Gly Gly Gly Ser Ile Gln Arg Thr Pro Lys

20

25

Claims

1. Anisolated cell comprising a genetically engineered disruption in a beta-2 microglobulin (B2M) gene, wherein the
cell is a primate cell, wherein the cell further comprises one or more recombinant immunomodulatory genes, each
capable of expressing an immunomodulatory polypeptide in the cell, wherein the one or more immunomodulatory
genes comprise a polynucleotide capable of encoding a single chain fusion human leukocyte antigen (HLA) class
| protein comprising at least a portion of the B2M protein covalently linked, either directly or via a linker sequence,
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to at least a portion of an HLA-I o chain, wherein the single chain fusion human HLA class | protein is capable of
normal HLA class | function with respect to forming proper secondary structure of single chain fusion heterodimers
on the cell surface, presenting peptides in the HLA | peptide binding cleft, and engaging the inhibitory receptors on
the surface of NK cells.

The isolated cell of claim 1, wherein the single chain fusion human leukocyte antigen (HLA) class | protein comprises
a full length B2M protein or variant thereof, or a B2M protein without the leader sequence or variant thereof.

The isolated cell of claim 1 or 2, wherein the single chain fusion human leukocyte antigen (HLA) class | protein
comprises an HLA class | o protein or variant thereof, or a leaderless HLA class | o protein or variant thereof.

The cell of any one of claims 1-3, wherein the cell comprises genetically engineered disruptions of all copies of the
B2M gene.

The cell of any one of claims 1-4, wherein the cell is a human cell.
The cell of any one of claims 1-5, wherein the single chain fusion HLA class | protein comprises

a. at least a portion of B2M covalently linked to at least a portion of an HLA class | a chain selected from the
group consisting of HLA-A, HLA-B, HLA-C, HLA-E, HLA-F and HLA-G;

b. at least a portion of B2M and at least a portion of HLA class | a. chain is selected from the group consisting
of HLA-E, HLA-G and HLA-A;

c. at least a portion of B2M and at least a portion of HLA-A;

d. at least a portion of B2M and at least a portion of HLA-A0201;

e. at least a portion of B2M and at least a portion of HLA-E;

f. at least a portion of B2M and at least a portion of HLA-G;

g. at least a portion of B2M and at least a portion of HLA-B;

h. at least a portion of B2M and at least a portion of HLA-C; or

i. at least a portion of B2M and at least a portion of HLA-F.

The cell of any one of claims 1-6, wherein the cell further expresses a target peptide antigen that is presented by
the single chain fusion HLA class | protein on the cell surface.

The cell of claim 7, wherein the cell further comprises one or more recombinant genes capable of encoding a suicide
gene product.

The cell of any one of claims 1- 8, wherein the cell

a. has a normal karyotype;

b. is a non-transformed cell;

c. is a stem cell, selected from the group consisting of a hematopoietic stem cell, an induced pluripotent stem
cell, a liver stem cell, a neural stem cell, a pancreatic stem cell and a mesenchymal stem cell;

d. is a pluripotent stem cell; and/or

e. is differentiated.

The cell of claim 9, wherein the stem cell is differentiated, and wherein the differentiated cell is selected from the
group consisting of a dendritic cell, a pancreatic islet cell, a liver cell, a muscle cell, a keratinocyte, neuronal cell,
hematopoietic cell, lymphocyte, red blood cell, platelet, skeletal muscle cell, ocular cell, mesenchymal cell, fibroblast,
lung cell, Gl tract cell, vascular cell, endocrine cell, adipocyte and a cardiomyocyte.

A vaccine comprising the cell of claim 7, wherein the vaccine is capable of eliciting in a primate an immune response
specific for the target peptide antigen.

The vaccine of claim 11, wherein the primate is a human and the cell is a human cell.

A cell of any one of claims 1-10 for use in transplantation in a patient in need thereof, whereby the cell is administered
to the patient in an effective amount, wherein
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a. the cell is a differentiated cell;
b. the patient is human and the cell is a human cell; and/or
c. the cell further expresses a single chain fusion HLA class | protein.

14. A cell of any one of claims 1-10 for use in treating a disease condition in a patient in need thereof, whereby the cell

is administered to the patient in an effective amount, and wherein the disease condition is diabetes, an autoimmune
disease, cancer, infection, anemia, cytopenia, myocardial infarction, heart failure, skeletal or joint condition, osteo-
genesis imperfecta or burns.

15. The cell for use according to claim 14, wherein

a. the cell is a differentiated cell;

b. the patient is a human and the cell is a human cell;

c. the disease condition is diabetes and the cell is a pancreatic islet cell; and/or
d. the cell further expresses a single chain fusion HLA class | protein.

16. A kit comprising

a. the cell of any one of claims 1-10;
b. an implant comprising the cell of any one of claims 1-10; or
c. the vaccine of claim 11 further comprising an immune adjuvant.

Patentanspriiche

1.

Isolierte Zelle, umfassend eine genetisch veranderte Unterbrechung in einem Beta-2-Microglobulin (B2M) Gen,
wobei die Zelle eine Primatenzelle ist, wobei die Zelle ferner ein oder mehrere rekombinante immunmodulatorische
Gene umfasst, von denen jedes in der Lage ist, ein immunmodulatorisches Polypeptid in der Zelle zu exprimieren,
wobei das eine oder die mehreren immunmodulatorischen Gens ein Polynukleotid umfassen, das in der Lage ist,
ein humanes Einzelketten-Fusions-Leukozyten-Antigen (HLA) Klasse | Protein ("single chain fusion human leukocyte
antigen (HLA) class | protein") zu kodieren, welches mindestens einen Teil des B2M Proteins umfasst, welcher
kovalent verknipft ist, entweder direkt oder Uber eine Linkersequenz, mit mindestens einem Teil einer HLA-I a-
Kette, wobei das humane Einzelketten-Fusions-HLA Klasse | Protein in der Lage ist, eine anormale HLA Klasse |
Funktion im Hinblick auf die Bifdung einer korrekten ("proper") Sekundarstruktur eines Einzelkatten-Fusions- Hete-
rodimers auf der Zelloberflache, welche Peptide in der HLA | Peptidbindungspalte prasentiert, aufzuweisen und die
inhibitorischen Rezeptoren auf der Oberflache von NK-Zellen zu binden ("engaging").

Isolierte Zelle nach Anspruch 1, wobei das humane Einzelketten-Fusions-Leukozyten-Antigen (HLA) Klasse | Protein
ein Vollangen-B2M Protein oder eine Variante hiervon, oder ein B2M Protein ohne die Leader-Sequenz oder eine
Variante hiervon, umfasst.

Isolierte Zelle nach Anspruch 1 oder 2, wobei das humane Einzelketten-Fusions-Leukozyten-Antigen (HLA) Klasse
| Protein ein HLA Klasse | a Protein oder eine Variante hiervon, oder ein HLA Klasse | o Protein ohne Leader oder
eine Variante hiervon, umfasst.

Zelle nach einem der Anspriiche 1 bis 3, wobei die Zelle genetisch veranderte Unterbrechung von allen Kopien des
B2M Gens umfasst.

Zelle nach einem der Anspriiche 1 bis 4, wobei die Zelle eine humane Zelle ist.
Zelle nach einem der Anspriiche 1 bis 5, wobei das Einzeiketten-Fusions-HLA Klasse | Protein umfasst

a. mindestens einen Teil von B2M, welcher kovalent verknlpft ist mit mindestens einem Teil einer HLA Klasse
| o Kette, ausgewahlt aus der Gruppe bestehend aus HLA-A, HLA-B, HLA-C, HLA-E, HLA-F und HLA-G;

b. mindestens einen Teil von B2M und mindestens einen Teil HLA Klasse | o Kette, ausgewahlt aus der Gruppe
bestehend aus HLA-E, HLA-G und HLA-A;

c. mindestens einen Teil von B2M und mindestens einen Teil von HLA-A:

d. mindestens einen Teil von B2M und mindestens einen Teil von HLA-AO201;
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e. mindestens einen Teil von B2M und mindestens einen Teil von HLA-E;
f. mindestens einen Teil von B2M und mindestens einen Teil von HLA-G;
g. mindestens einen Teil von B2M und mindestens einen Teil von HLA-B;
h. mindestens einen Teil von B2M und mindestens einen Teil von HLA-C; oder
i. mindestens einen Teil von B2M und mindestens einen Teil von HLA-F.

Zelle nach einem der Anspriiche 1 bis 6, wobei die Zelle ferner ein Ziel-Peptid-Antigen exprimiert, das durch das
durch das Einzeiketten-Fusions-HLA Klasse | Protein auf der Zellaberflache prasentiert wird.

Zelle nach Anspruch 7, wobei die Zelle ferner ein oder mehrere rekombinante Gene umfasst, das / die in der Lage
ist / sind ein Suizid-Genprodukt zu kodieren.

Zelle nach einem der Anspriiche 1 bis 8, wobei die Zelle

a. einen normalen Karyotyp aufweist;

b. eine nicht-transformierte Zelle ist;

c. eine Stammzelle ist, ausgewahlt aus der Gruppe bestehend aus einer blutbildenden Stemmzelle, einer in-
duzierten, pluripotenten Stammzelle, einer Leberstammzelle, einer neuralen Stammzelle, einer pankreatischen
Stammzelle und einer mesenchymalen Stammzelle;

d. eine pluripotente Stammzelle ist; und/oder

e. differenziert ist.

Zelle nach Anspruch 9, wobei die Stammzelle differenziert ist, und wobei die differenzierte Zelle ausgewahlt ist aus
der Gruppe bestehend aus einer dendritischen Zelle, einer pankreatischen Inselzelle, einer Leberzelle, einer Mus-
kelzelle, einer Keratinozyte, neuronalen Zelle, blutbildenden Zelle, Lymphozyte, roten Blutzelle, Blutplatichen, Ske-
lettmuskelzelle, okularen Zelle, mesenchymalen Zelle, Flbroblast, Lungenzelle, Gl Trakt Zelle, vaskularen Zelle,
endokrinen Zelle, Adipozyt und einer Herzmuskelzelle.

Vakzine, umfassend die Zelle nach Anspruch 7, wobei die Vakzine in der Lage ist, in einem Primaten eine Immu-
nantwort hervorzurufen, die spezifisch fiir das Zielpeptid-Antigen ist.

Vakzine nach Anspruch 11, wobei der Primat ein Mensch ist und die Zelle eine humane Zelle ist.

Zelle nach einem der Anspriiche 1 bis 10 zur Verwendung in der Transplantation bei einem Patienten mit Bedarf
hierfur, wobei die Zelle dem Patienten in einer effektiven Menge verabreicht wird, wobei

a. die Zelle eine differenzierte Zelle ist;
b. der Patient ein Mensch ist und die Zelle eine humane Zelle ist; und/oder
c. die Zelle ferner ein Einzeiketten-Fusions-HLA Klasse Protein exprimiert.

Zelle nach einem der Anspriiche 1 bis 10 zur Verurendung in der Behandlung eines Erkrankungszustandes bei
einem Patienten mit Bedarf hierfiir, wobei die Zelle dem Patienten in einer effektiven Menge verabreicht wird, und
wobei der Erkrankungszustand Diabetes, eine Autoimmunerkrankung, Kreis, Infektion, Anamie, Zytopenie, Herz-
infarkt, Herzinsuffizienz, Skelett- oder Gelenkzustand, Osteogenese imperfecta oder Verbrennungen ist / sind.

Zelle nach Anspruch 14, wobel
a. die Zelle eine differnzierte Zelle Ist;
b. der Patient ein Mensch ist und die Zelle eine humante Zelle ist;
c. der Erkrankungszustand Diabetes ist und die Zelle eine pankreatische InselZelle ist; und/oder
d. die Zelle ferner ein Einzeiketten-Fusions-HLA Klasse | Protein exprimiert.
Kit umfassend
a. die Zelle nach einem der Anspriiche 1 bis 10;

b. ein Implantat, das die Zelle nach einem der Anspriiche 1 bis 10 umfasst; oder
c. die Vakzine nach Anspruch 11, die ferner ein Immun-Adjuvanz umfasst.
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Revendications

Cellule isolée comprenant une interruption génétiquement congue du géne de la béta-2-microglobuline (B2M), dans
laquelle la cellule est une cellule de primate, dans laquelle la cellule comprend en outre un ou plusieurs génes
immunomodulateurs recombinants, chacun capable d’exprimer un polypeptide immunomodulateur dans la cellule,
dans laquelle I'un ou plusieurs génes immunomodulateurs comprennent un polynucléotide capable de coder pour
une protéine de fusion a chaine unique d’antigéne des leucocytes humains (HLA) de classe | comprenant au moins
une partie de la protéine B2M liée de fagon covalente, soit directement soit par I'intermédiaire d’'une séquence de
liaison, a au moins une partie d’'une chaine a de HLA-I, dans laquelle la protéine de fusion a chaine unique de HLA
humain de classe | est dotée d’une fonction normale de HLA de classe | en ce qui concerne la formation d’'une
structure secondaire correcte des hétérodimeéres de fusion a chaine unique a la surface de la cellule, la présentation
des peptides dans le site de liaison peptidique de HLA |, et 'engagement des récepteurs inhibiteurs sur la surface
des cellules NK.

Cellule isolée selon la revendication 1, dans laquelle la protéine de fusion a chaine unique d’antigéne des leucocytes
humains (HLA) de classe | comprend une protéine B2M de longueur complete ou I'un de ses variants, ou une
protéine B2M sans la séquence de téte ou I'un de ses variants.

Cellule isolée selon la revendication 1 ou 2, dans laquelle la protéine de fusion a chaine unique d’antigene des
leucocytes humains (HLA) de classe | comprend une protéine o de HLA de classe | ou I'un de ses variants, ou une
protéine a de HLA de classe | sans la séquence de téte ou 'un de ses variants.

Cellule selon I'une quelconque des revendications 1 a 3, dans laquelle la cellule comprend des interruptions géné-
tiquement congues de toutes les copies du geéne B2M.

Cellule selon l'une quelconque des revendications 1 a 4, dans laquelle la cellule est une cellule humaine.

Cellule selon I'une quelconque des revendications 1, a 5, dans laquelle la protéine de fusion a chaine unique de
HLA de classe 1 comprend

a. au moins une partie de B2M liée de fagon covalente a au moins une partie d’'une chaine a de HLA de classe
| choisie dans le groupe consistant en HLA-A, HLA-B, HLA-C, HLA-E, HLA-F et HLA-G ;

b. au moins une partie de B2M et au moins une partie de chaine o de HLA de classe | choisie dans le groupe
consistant en HLA-E, HLA-G et HLA-A ;

c. au moins une partie de B2M et au moins une partie de HLA-A;

d. au moins une partie de B2M et au moins une partie de HLA-A0201;

€. au moins une partie de B2M et au moins une partie de HLA-E;

f. au moins une partie de B2M et au moins une partie de HLA-G;

g. au moins une partie de B2M et au moins une partie de HLA-B ;

h. au moins une partie de B2M et au moins une partie de HLA-C ; ou

i. au moins une partie de B2M et au moins une partie de HLA-F.

Cellule selon I'une quelconque des revendications 1 a 6, dans laquelle la cellule exprime en outre un peptide
antigénique cible qui est présenté parla protéine de fusion a chaine unique de HLA de classe | ala surface de lacellule.

Cellule selon la revendication 7, dans laquelle la cellule comprend en outre un ou plusieurs génes recombinants
capables de coder pour le produit d’'un géne suicide.

Cellule selon I'une quelconque des revendications 1 a 8, dans laquelle la cellule

a. a un caryotype normal ;

b. est une cellule non transformée ;

c. est une cellule souche, choisie dans le groupe consistant en une cellule souche hématopoiétique, une cellule
souche pluripotente induite, une cellule souche hématique, une cellule souche neurale, une cellule souche
pancréatique et une cellule souche mésenchymateuse ;

d. est une cellule souche pluripotente ; et/ou

e. est différenciée.
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Cellule selon larevendication 9, dans laquelle la cellule souche est différenciée, et dans laquelle la cellule différenciée
est choisie dans le groupe consistant en une cellule dendritique, une cellule d’ilot pancréatique, une cellule hépatique,
une cellule musculaire, un kératinocyte, une cellule neuronale, une cellule hématopoiétique, un lymphocyte, un
érythrocyte, une plaquette, une cellule musculaire squelettique, une cellule oculaire, une cellule mésenchymateuse,
un fibroblaste, une cellule pulmonaire, une cellule du tube digestif, une cellule vasculaire, une cellule endocrine, un
adipocyte et un cardiomyocyte.

Vaccin comprenant la cellule selon la revendication 7, dans lequel le vaccin est capable de déclencher chez un
primate une réponse immunitaire spécifique du peptide antigénique cible.

Vaccin selon la revendication 11, dans lequel le primate est un humain et la cellule est une cellule humaine.

Cellule selon I'une quelconque des revendications 1 a 10 pour une utilisation dans une transplantation chez un
patient en ayant besoin, par laquelle la cellule est administrée au patient dans une quantité efficace, dans laquelle

a. la cellule est une cellule différenciée;
b. le patient est humain et la cellule est une cellule humaine ; et/ou
c. la cellule exprime en outre une protéine de fusion a chaine unique de HLA de classe |I.

Cellule selon I'une quelconque des revendications 1 a 10 pour une utilisation dans le traitement d’'une affection
pathologique chez un patient en ayant besoin, par laquelle la cellule est administrée au patient dans une quantité
efficace, et dans laquelle I'affection pathologique est le diabéte, une maladie auto-immune, le cancer, une infection,
une anémie, une cytopénie, un infarctus du myocarde, une insuffisance cardiaque, une affection squelettique ou
articulaire, une ostéogenése imparfaite ou des brilures.

Cellule pour une utilisation selon la revendication 14, dans laquelle
a. la cellule est une cellule différenciée ;
b. le patient est un étre humain et la cellule est une cellule humaine ;
c. affection pathologique est le diabéte et la cellule est une cellule d’ilot pancréatique ; et/ou
d. la cellule exprime en outre une protéine de fusion a chaine unique de HLA de classe I.
Kit comprenant
a. la cellule selon I'une quelconque des revendications 12 10 ;

b. un implant comprenant la cellule selon I'une quelconque des revendications 1 a 10 ; ou
c. le vaccin selon la revendication 11 comprenant en outre un adjuvant immunologique.
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